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Proceedings of the
1972 NORTHWEST
ROADS AND STREETS
CONFERENCETHE Oregon State Engineering Experiment Station was established
by act of the Board of Regents of Oregon State University on
May 4, 1927.Itis the purpose of the Station to serve the state in
a manner broadly outlined by the following policy:
(1)To stimulate and elevate engineering education by develop-
ing the research spirit in faculty and students.
(2) To serve the industries, utilities, professional engineers, pub-
lic departments, and engineering teachers by making investigations
of interest to them.
(3) To publish and distribute by bulletins, circulars, and tech-
nical articles in periodicals the results of such studies, surveys, tests,
investigations, and research as will be of greatest benefit to the peo-
ple of Oregon, and particularly to the State's industries, utilities, and
professional engineers.
To make available the results of the investigations conducted by
the Station, three types of publications are issued. These are:
(1) BULLETINS covering original investigations.
(2) CIRCULARS giving compilations of useful data.
(3) REPRINTS giving more generaldistributiontoscientific
papers or reports previously published elsewhere, as for example,
in the proceedings of professional societies.
Single copies of publications are sent free on request to resi-
dents of Oregon, to libraries, and to other experiment stations ex-
changing publications. As long as available, additional copies, or
copies to others, are sent at prices covering cost of printing. The
price of this publication is one dollar and fifty cents.
For copies of publications or for other information address
OREGON STATE UNIVERSITY ENGINEERING EXPERIMENT STATION,
100 Batcheller Hall
CORVALLIS, OREGON 97331
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Gentlemen, I do know a little bit about the roads and
streets of Oregon.I just wrote down this morning the mi-
leage which we are required to report every month to our
motor pooi, and it was something over sixteen thousand
miles since last June 15.This adds up to nearly 45, 000
miles logged in Oregon--most of it by automobile and there-
fore almost all of it over the roads and streets of this state.
This is a very important matter, this issue of
communication.Great civilizations and societies have been
tied together up until this present one, primarily by means
of communication which moved over the surface of the land.
Today we have other means of communication.Land trans-
portation of human beings over long distances has almost
entirely been replaced by aircraft.Except for pleasure ac-
tivities, the movement of human beings by water has again
ceased to be a real function.While that has been happening,
while we have become increasingly dependent on air trans-
portation to move people, and as we have become increas-
ingly dependent on some kind of electronic means to
communicate messages, we have become equally dependent
on the automobile to provide regional and local transporta-
tion.
Dramatic changes have taken place in long_range
communication and travel, but we still move about regionally
and locally by very inefficient means, primarily by automo-
bile--and more often than not with only a single person per
car. We find ourselves in this last third of our century
facing some very crucial, peculiar, and difficult problems,
by virtue of the fact that we have dislocated our transporta-
tion system by moving very dramatically in one direction to
use the most sophisticated system that we can possibly de-
vise to move people expeditiously in very large numbers and
at very low cost over great distances, and at the same time
we have moved in the other direction and become increasing-
ly dependent upon relatively ineffective systems of transport
of persons over short distances in the sense that the amount
8of energy devoted to it is extremely high.Moreover, the
automobile used to bring about this locomotion is inefficient
in another sense; it does not completely combust the fossil
fuels that are its primary source of energy and thus results
in various incompletely burned hydrocarbons.In addition,
these internal combustion engines produce nitrous oxide and
other oxides of nitrogen.The result of both these effects is
a critical problem of atmospheric pollution.
In addition to inefficiency and pollution, there is
increasing concern about the actual availability of energy in
the form of petroleum to permit us to continue our present
patterns.Our domestic supplies already fall far short of
meeting our needs and there is general recognition of the fi-
nite nature of the fossil fuel reserves of the world.
For the short range we continue to plan as if none of
these three factors were as important as I believe them to
be.In the long run, world geo-politics will influence what
we do far more than we now realize.This is not an issue
for the 23rd or 24th centuries--it is one we must face as we
prepare for the next century now less than 30 years away.
These are the nagging problems that will not go away and need
to be kept in mind as you face the "nuts and bolts" problems
of today.So I welcome you to what I hope will be a fruitful
conference whereyou will lookat the technical aspects of
your business and consider ways you can do it better.I also
hope that as part of your process that you will do some con-
templative thinking and discussing about "where do we go in
terms of the movement of people?" "Can we combine the
convenience of individual transportation (which in so many
instances do get great pleasure and satisfaction from) with
appropriate means of mass transport and with much greater
efficiency and much greater economy which will do the job
for us when we are primarily interested in transportation
which is necessary for our work?"
My good wishes to you.Welcome back to the campus.
I hope that this will be a pleasant experience for all of you.10SESSION NO.1
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I am speaking in place of Dr. Eldon Edmundson who
is unable to be present due to a serious case of flu.I will
briefly cover the major points that Dr. Edmundson intended
to present in his talk and would be glad to answer questions
as they arise.
I will discuss the types of pollutants which arise from
highways and their construction and will briefly cover the
methods of control and the laws as they stand in relation to
control techniques at the present time.
There are two general types of pollutants arising
from highway construction.These can be classified under
the methods of control utilized and the laws that pertain to
them.The first type would be sources of air pollution from
activities which are covered by existing laws and which are
subject to control at the present time.This type includes
pollutants from asphalt mixing plants, concrete batch plants,
open burning of clearing piles, and sand and gravel opera-
tions.It is felt at the present time that control of these is
being achieved through state implementation plans.
The second and major type of pollutant of concern is
what is called fugitive dust.This is dust arising from
blasting operations, earth moving, grading, and traffic over
temporary or unimproved roads.This is a type of pollutant
which is not easily amendable to control.It is the most abra-
sive type as far as the public is concerned and is the type
that seems to cause the greatest public concern among
special interest groups.It is felt that the magnitude of the
problem and the methods to abate the problem of fugitive
dust are recognized but in many cases this simply isn't done
because of economic reasons, lack of concern or lack of
knowledge as to how serious the problem is.EPA feels that
considerable public interest is being generated in this pro-
blem area and that if self-control is not practiced, private
or special interest groups will begin to bring civil suits
against violators.So EPA feels that at the present time
14self-control would be the better method to control any of
these problems. One future concern which EPA has iswith
the interpretation of the Clean Air Act, to try to getinvolved
in the siting of plants such as asphalt and batchingplants and
sand and gravel operations to try to camouflage or reduce
the visual impact of these pollutants.This is a very murky
problem at the present time, from what I understand, but is
one being investigated by our airpollution section.That is
about the basics of Dr. Edmundson's speech.Thank you.
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From a contractor's standpoint, concern with excess
noise levels at construction sites falls into two categories:
the first is concern for the hearing of the employee, and the
second is concern for the nuisance to the public adjacent to
the construction site.
Under the first category, federal law under the
Occupational Safety and Health Act now requires protection
against the effects of noise exposure when sound levelsex-
ceed specified levels - - for example, 90 decibels over an
eight hour period or higher levels over shorter periods of
time.I am sure there has been hearing loss and hearing
reduction for many men exposed to high noise levels from
equipment in the past, so this is a very worthwhile new reg
ulation. We are required to utilize feasible administrative
or engineering controls to reduce sound levels.If such con-
trols fail, we are required to provide personal protection
equipment and see that it is used.This protective equipment
must be fitted or determined by a competent person and must
really protect the man from hearing damage.
Our company acquired an integrating noise meter to
test operator stations to see what noise levels were so that
we could be in compliance with this law. We found that ear
protection is required on nearly all of our equipment.Vir-
tually the only exception that we found was a motor patrol
with a closed cab.The operator there (as long as he didn't
open the window) was at a safe level. We found that foremen
working close to the equipment were exposed to marginally
excessive noise levels in some cases.In other words, work-
ing on just about any construction equipment exposes workmen
to unacceptable noise levels.Also working next to many
operations such as rock crushing, pavement breaking or
drilling exposes workmen to too much noise.Therefore, we
have to require that personal protective equipment be worn
by these workmen.
22On the other hand, our readings show that a man
working a few feet away from this equipment is not subject
to excessive noise levels (at least as they are now set)and
so is not in danger of hearing loss, as far as weknow.
Therefore, the second problem, that of noise pollution and
its nuisance to the public, is not so much one of health or
safety, at least not directly.It is one of inconvenience while
construction is going on. We cannot solve this second problem
overnight.There is no quick, easy temporary solution (like
earplugs) to this overall construction site noise problem.
But I don't believe the nature of the problem requires an im-
mediate, complete solution.
You might ask why we can't solve this problem
immediately.The major emphasis by equipment manufac-
turers in the past several years has been to design for
greater production and lower unit cost in construction.They
have not considered noise level important in design.Public
demand has been for more production at lower cost- -in other
words, more construction in place for the tax dollar.This
has provided a push on manufacturers for bigger machines.
Bigger machines have more internal noise, as well as ex-
haust noise.These bigger machines are more automated,
mainly with hydraulic components and these create more
noise.Larger engines and more hydraulic power increase
the heat which must be dissipated through larger quantities
of air being driven by noisier fans.Increased speed means
increased vibration frequencies, which tends to increase
noise.
For equipment manufacturers to produce quieter
machines they need lead time.They need this lead time for
research, development, testing, tooling, manufacturing, and
distribution of the equipment.Then we will have a long
change_over period as old equipment is phased out and this
newer, quieter equipment takes over. Any attempt at an
overnight change_over would obsolete hundreds of millions
of dollars of equipment.The industry and the public (which
pays the bulk of construction costs) cannot afford to make
this change in that speedy manner.
Why not muffle present equipment or in some other
way reduce noise?It is true that minor improvements can
be made. Some of those clanking chains and other unnessary
23noises can be reduced. Some engines are noisier than others.
Some requirements for mufflers (such as are being required
now in California) will bring a minor reduction of noise from
some engines.Severe muffling, however, costs money be-
cause it reduces the power available, creates heat problems,
adds weight to the equipment, and creates real maintenance
problems in getting access to the equipment.
There are several other noise sources whichare of
the same order of magnitude as the exhaust noises, depend-
ing on the machine. These are internal engine noises;engine
air inlet; transmission and other gear noises; hydraulicsys_
tern noises, including the pump, tubes, valves, cylinders,
and hydraulic motors; air noise from the fan and radiator;
various moving mechanical elements such as crawler tracks
and scraper elevators.It is very likely that on a large
machine today each of these noises is individually inexcess
of the 90 decibel level.In the case of two equal noise sources
the sum is about three decibels higher than eithersource
alone.For equal noise sources the sum is about six decibels
higher, and this in reverse acts much thesame way. Suppose
the total noise of the machine is 100 decibels composedof
four equal noise sources--let's say the exhaust, engine
noises, gear and hydraulic noises, and fan noisesare these
four.If by some magic the exhaust and internal engine
noises could be reduced to zero, the machine would still have
a noise level of 97 decibels, so this is a challenge to the en-
gineers who are studying each noise source and striving for
noise reduction of each component.
Another proposed temporary solution is to build
housing around the euin-ient.This ups costs drastically,
articularly due to the poor access to the equipment formain-
tenance, as well as the cost of the housing, especially for
portable equipment.And, of course, this creates more
severe problems for the hearing protection for the men who
operate the equipment and are required to work within the
housing.
A pamphlet put out by the American Construction
Machinery Manufacturers gives a few ideas of what theyare
working on in an attempt to make quieter equipment.Talking
about future machine quietness: '1For future machines,larger
capacity cooling fans with non-resonant frequenciesare being
Z4developed.These would utilize larger volumes of air at lower
velocities, new radiator fin designs and more efficient shrouds.
"Some gears must be changed from one form to another
and perhaps made with more precision. Much noise is gene-
rated from variable gear loadings and from gear idling.
Gears are designed to transmit a given power level at a re-
quired speed.Variations of these will set up vibrations which
cause noise.Here again, isolation and insulation seem like
possible temporary solutions but heat and flexibility can lead
to premature failure and other new problems.
"Hydraulic pumps, transmis sion lines, valves,
cylinders and motors are all noise generators.Oil flowing
in a smooth, uniform path should be one of the quietest methods
of generating, transmitting and utilizing energy.However,
each component has complicated restrictions which induce
vibration.If all of the hydraulically performed functions
were uniform and continuous, the noise would be minimal.
But ease and flexibility of control are reasons for the many
applications.Noise reduction programs for hydraulics are
underway, but they will take time for development, testing
and adopting.
components such as the tracks of crawler
tractors are noisy but fortunately are of lower frequencies.
These types of mechanisms are just not readily quieted and
do not lend themselves to encapsulation treatment.The long
range, practical solution for all these problems may well
dictate future machines of entirely new configurations.
The future equipment can be made quieter.There
is no doubt about it.In my opinion the right way to do this
is to keep pressure on manufacturers to come up with quieter
machine components and a quieter total machine.In this
manner, by reducing the noise levels of future machines we
will have a gradual reduction of noise levels coming from con-
struction sites.
(Credit for some of this material given to the Construction
Industry Manufacturers Assn. from their publication titled
"Sound Level Considerations by American Construction
Machinery Manufacturers" Presented by H. T. Larmore,
Z5Deputy Director for Technical and Safety Services Construc-
tion Industry Manufacturers Association at the American
Industrial Hygiene Association Conference, May 24, 1971,
Toronto, Ontario.
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Gentlemen, I don't have any startling news or great
philosophy on environmental issues to pass on to you today,
but I do wish to discuss briefly four or five environmentally
related problem areas that frequently crop up between our
regulatory agency and the highway building and maintenance
industry.
Very often when we encounter environmental problems
during highway construction or maintenance activities the
contractor will respond to our regulatory demands with re-
marks that he either did not know that environmental controls
were his responsibility, or that the gighway agencies did not
mention such costly controls in the contract documents.
Because this situation recurs so frequently, we would
like to see the necessary environmental controls for each job
listed in detail in the job specifications so each bidder knows
exactly what his performance responsibilities are and how
much money they will cost him.
Secondly, we believe that the agency or department
who lets the contract should assume full responsibility for
seeing that environmental control specifications are fully met
in the same rigid fashion that cther construction specifications
are held binding.
One of the most common environmental issues to
arise during highway construction is the taking and proces-
sing of gravel supplies from streambeds.It is not unlikely
that the aggregate materials may come from a prime fish
spawning zone, and this habitat spoiling factor is often fur-
ther compounded by discharging dirt laden wash waters from
crushing and screening plants back into the stream.Fortu-
nately, such activities generally do not go long unnoticed, but
they still happen often enough that I make a plea for special
regulatory control.Streambed gravels are not a readily renewable resout
and since they are absolutely essential in the spawning and
reproduction cycle of Oregon's trout and salmon species I
believe that the time is not far away when taking gravel from
wetted streambeds will be prohibited.Planning for future
rock supplies should turn to dry land sources.
During highway construction it is often necessary
that stream channels be relocated or realigned. We recog-
nize there may be no reasonable alternative to such waterway
changes that can totally devastate a segment of the aquatic
environment, but we also believe that proper controls can
greatly limit the adverse effect.The new channels should be
constructed, riprapped, and otherwise fully prepared before
turning the streamflow into them.This method will halt the
release of sediment and turbid waters to downstream areas
during construction and also prevent serious erosion in the
new channel when water is introduced.Our Department, by
law, can grant short term variances to turbidity standards
to accommodate essential construction and dredging, but
under no circumstance will that allowance be braodened to
cover poorly planned or careless operations.
One of the latest environmental harassments thrust
upon society and the construction business is the requirement
for environmental impact statements.Most certainly, these
statements have a purpose to let "the whole world know" what
is happening to land, air, water, and human resources due
to the forces of man's spreading activities.Most of the im-
pact statements, thus far prepared for projects in Oregon,
have passed over my desk for review.I am sure the reasons
are many, but the quality of such statements has ranged from
absurd to mediocre. None have been biologically credible.
Some are obviously written by unknowledgeable people, while
others display a beautiful element of gamesmanship. The
project effects have been generally and broadly described,
but couched in words that gloss over disadvantages and exem-
plify advantages.Almost never do the environmental impact
statements relate the minute details of habitat requirements
that are vital to man, other animals, or vegetation.This is
understandable because a true environmental study would
require numerous specialists and several years to produce a
factual environmental asses sment.
Z9Perhaps the greatest advantage of the environmental
impact statement program has been the creation of many new
jobs for recent college graduates.
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The activities of highway maintenance have not changed
in recent years causing water pollution.However, the public
has become cognizant and aware of the activities which lead
to pollution of waterways.
Some activities which could lead to water pollution
include:
(1) Basic shoulder and ditch maintenance.
(2) Brush control.
(3) Chemical programs.
(4) Maintenance of quarries and stockpile sites.
(5) Crushing, screening and paving plant setups.
(6) Bank protection.
(7) Slide, settlement, and washout repairs.
(8) Disposal areas.
(9) Salting icy pavements.
(10) Rest Area sewage disposal.
Pollution is defined by recent Forest Service direc-
tives as any alteration of the physical, chemical or biological
properties of surface or ground waters resulting in the low-
ering of water quality below established State standards or
resulting in failure of water to meet State standards.State
standards are set forth in Oregon Administrative Rules,
Chapter 340, Section 41-025.
The Forest Service is carrying out the provisions of
the Federal Water Quality Improvement Act (Public Law 91-
224).It has been directed by executive order to stop any
water pollution from Forest Service facilities and to abate
water pollution from National Forest land uses authorized by
permit.Within the Forest lands, the Highway Division is
responsible to abate pollution with the objective that this
abatement be defined and minimum acceptable action planned
by July 1, 1973.
32A major step towards control of water pollution has
been made by the Pesticide Use Clearing House established
by the Oregon State Department of Agriculture.This Council
has brought together the various agencies of the State Govern-
ment to coordinate activities where chemicals are used in
order that their use can be cleared through the various agen-
cies affected.
Chemicals are used in our Highway maintenance pro-
gram under several categories.Soil active chemicals (soil
sterilants) are used in our shoulder maintenance program;
systemic chemicals are used in our landscaped areas (foliage
sprays and dormant sprays.
Within our shoulder maintenance programs, we use
Simazine, Karmex, Krovar, Atrazine and some Aminotria-
zole. We use about 100, 000 pounds of these soil active
chemicals annually on about 90% of the State Highway System.
These soil active chemicals which are used on the shoulders
have a low toxicity similar to that of table salt.The possi-
bility of this chemical getting into a water source is very
remote and would be limited to perhaps a situation where a
hard armoccurred immediately after application, or if the
shoulder material in total containing the chemical was washed
into a water source.However, in both of these situations,
the chemical would be diluted to a point it would not be of
concern.The concern has been entertained that clean ditches
would contribute to muddying up of the water source and
therefore polluting water.However, our spray program is
limited to the roadside shoulders where the slopes are gen-
tle.The shoulder program is not carried into the steep
ditches where erosion would be a serious problem,Actually,
in the case where there is any kind of a grade on the ditches,
we have gone to a jute netting application, not spraying, and
seeding in order to provide for cover to prevent erosion. We
have attacked the problem of pollution of water by over spray
ing by going to a spray pressure of 5 psi maximum and a
3/16" nozzle, utilizing about two times the normal application
of water, probiding for large droplets with very little drift.
The systemic chemicals are used in landscaped areas.
Actually, we use both the soil-active chemicals and the sys-
temic chemicals in the landscaped areas. We use Simazine,
Casaron and Aminotriazole. We use about 50, 000 pounds of
33systemic chemicals annually.These systemic chemicals
have a toxicity of about aspirin.Again, we utilize very little
pressure and the large orifices in order to reduce the drift
problem.
The third use of chemicals is for brush control using
systemic chemicals,2, 4-D and 2,4, 5-T.These chemicals
are applied with back-packed sprayers. We specifically
outline the spraying to be a spot-spray program, staying
away from any waterway and any residence.
The fourth use of chemicals is our noxious weed program
which is done by about one-half of the counties in Oregon.
Actually, our stump spraying program is a very
controlled one, having been virtually eliminated the last few
years.However, ironically, brush cutting itself creates
water pollution problems with brush along waterways.This
affects us where we have channel changes or our highway is
adjacent to a waterway.The water temperature is the pro-
blem. Water at 64° cannot have an increase in temperature
at all without being considered pollution.Water at less than
62° cannot be increased in temperature more than 2° Fahren-
heit without being considered pollution.Therefore, by cutting
trees and brush along the creeks, it could possibly raise the
temperature and actually be considered water pollution.
We do continue to blade shoulders and ditches.This
work is being reduced annually with an active shoulder pav-
ing program including new construction jobs, overlay programs
and minor betterment shoulder paving.Again, generally
speaking, we are blading shoulders which are adjacent to the
highway and have flat slopes.The shoulders are generally
gravel and we are not talking about an activity which would
cause major erosion.Again we leave the cover on the stee-
per grades.
We do construct shoulders each year. When working
adjacent to a waterway, extreme caution is given to any ac-
tivity where material is dumped into the waterway. Even the
riprap that is placed in itself to protect the fill material, has
to be cautiously placed in order that the stream is not rruddied.
34Slide removal activities, ditch cleaning, and sweeping
activities which provide waste material which has to be dunipel
alongside the road somewhere, must no nowadays be dumped
into a water source. An example is a case where sanding
material was being dumped into what we felt was a useless
stagnant pond.However, we came under considerable cri-
ticism because this was a breeding place for water fowl.
Another example was a slide where we thought we could make
good use of slide material for shoulder widening.However,
in this particular case we placed material along an estuary.
This is a practice which can no longer be tolerated; in fact,
any activity along estuaries is a no-no.
Last spring, the Division came under considerable
fire for rock slides on the Wilson River Highway east of
Tillamook, resulting in a rather extensive project of bench-
ing the rock cuts, scaling the cuts, relocating the road in
some areas, constructing bin walls adjacent to the river and
generally establishing fallout areas.The problem we did not
foresee was a substantial rain in the middle of this project,
resulting in the muddy material being washed down the road-
side ditches through cross culverts, and eventually into the
Wilson River, resulting in complaints from the Game Commis-
sion.Our activities are going to have to be, if at all possible,
scheduled during the dry season.Perhaps settling ponds will
have to be provided to prevent muddy water from entering
into streams.
Only yesterday, I received a letter from the Corps of
Engineers indicating that the Department had violated Refuse
Act 33 USC 407, by depositing refuse from a landslide into
the Millecoma River at Alleghany, Oregon.Although the
Corps realized that it was an emergency situation due to the
landslide, we were advised that Highway crews should avoid
dumping refuse of any kind into a navigable water. We were
advised further that the Highway crews should be instructed
to haul refuse and debris to appropriate disposal areas by
means of a dump truck as opposed to side casting into the
river.
Slides, settlements and washouts which were experi-
enced last month create a problem. A prime example was
on the Wilson River.Result, water pollution.A lot of gulley
washers simply cleaned out gulleys and deposited this materi-
35al into the river.Preventative steps perhaps can be taken.
We are taking steps to correct these slides and settlements
by major slide correction work.In the case of washouts, we
are constructing trash racks which will prevent the plugging
of culverts which in many cases caused washouts. We plan
to riprap along the rivers such as along the Clackamas
Highway to prevent further erosion of the highway fills.
We were cited recently by the Forest Service for
stockpile sites, quarry sites, and paving plant setups pol-
luting water.This problem results from the heavy runoff
across these sites which are denuded of cover.In the case
of the paving plants, we are caught between the devil and the
deep blue sea. We have gone to wet scrubbers to control the
air pollution, and now find ourselves with the problem of
what to do with the waste water which we utilize to clean the
dust from the dryers.Our plants are very small and we
certainly do not have the problem of the large contractors.
We do end up with some 8, 000 to 10, 000 gallons of water per
day polluted with both mud and unburned fuel. We use a
series of settling ponds in an attempt to settle out the parti-
cles prior to the material filtering through the soil into adja-
cent streams. We are attempting at this time to go to propane
as a heat source as a means of doing away with the unburned
diesel.
We have for years carried out an active seeding and
mulching program.This is going to become more and more
important.Temporary seeding during periods of construction
where we are caught in the winter will be necessary to con-
trol erosion.Our State crews work statewide doing minor
work to cover slides and betterments.Contracts now call
for seeding and mulching on new slopes.
Many states use extensive salt application programs
to prevent and remove ice from pavements; water pollution
results from the melt and runoff into waterways.In the Lake
Tahoe area, use of salt has been banned for this very reason.
Another area a little out of the construction field, but
still facing us, is our rest areas throughout Oregon where
seepage from pit toilets and drain fields could get down to the
water table and end up in a creek.This is an area which the
Forest Service is exploring. We may do away entirely with
36the pit toilets which would not be too bad a thought.
I have attempted to point out the problems of water
pollution facing those carrying out the activities of highway
maintenance.Generally, improvements to highway facilities
will in themselves reduce water pollution as I have shown by
several examples.If we continue to upgrade our highways,
we will generally tend to improve those areas which could
lead to water pollution.Also, as a final thought we must, in
the future, look for those activities which may somehow af-
fect the environment in an attempt to be on top of pollution
abatement of all types.
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This article summarizes public transportation serice
in the Portland-Vancouver Metropolitan Area prior to 1970
and improvement plans in this service for the next 20years.
The plans developed for the Columbia Region Association of
Governments were the source of the following article.
HISTORY OF TRANSIT SERVICE
Public transportation had its beginning in the Portland-
Vancouver Metropolitan Area a century ago.In December of
1872, the Portland Street Railway Company began service
along First Avenue between Glisan and Caruthers Streets,
using a mule-drawn car.In 1888, the Portland and Vancouver
Railway Company began operating steam rail cars between
Stark Street landing in East Portland and Hayden Island, from
where a ferry service crossed the Columbia River to Van-
couver.During 1893 and 1894, this line was electrified and
rerouted to cross the Willamette River into Downtown
Portland via the original Burnside Bridge.At the turn of the
century, numerous street and interurban railways were con-
structed in the area by various companies.By 1907, those
lines providing local service within Portland, as well as
interurban lines extending into rural eastside areas, were
consolidated into the Portland Railway, Light and Power
Company (P. R. L. and P. Co.).In the ensuing years, this
transportation and power utility bore various corporate
names, including Portland Electric Power Company and
Pacific Northwest Public Service Company.In 1933, transit
and railway operations were placed under the name Portland
Traction Company, while the light and power operations be-
came Portland General Electric Company.
Prior to 1936, the City of Portland was served pri-
marily by a system of narrow-gauge streetcar lines, with
buses being used to a limited extent.In that year, Portland
Traction Company began a modernization of the City system,
substituting trolley and motor coaches for streetcarson a
44number of lines.Shortly after World War II, annual patrcmge
on the system reached a peak of approximately 90 million
riders (including interurban rail lines to Gresham and Oregon
City).At this point, the City system owned nearly 500 tran-
sit vehicles, including 124 streetcars and 141 trolley coaches.
In the subsequent years, patronage declined sharply, to 33
million in 1955.Under a program to convert the system to
an all motor coach operation, the last streetcar was removed
from operation in 1950 and the last trolley coach in 1958.
Rose City Transit Company assumed operation of the City
lines of Portland Traction Company in 1956.As indicated in
Figure 1, Rose City Transit Company was faced with a steady
decrease in patronage. As patronage dropped, service was
curtailed and fare increases were requested; the present
cash fare of 35C was adopted in 1967.By 1969, patronage had
decreased to less than 16 million, and the number of operable
transit vehicles to 207.In that year, application was made
to increase fares to a flat 40t and to eliminate student and
shopper discounts and fee transfers.This deteriorating si-
tuation led to the enactment of House Bill 1808 by the 1969
session of the Oregon State Legislature, making possible the
creation of the publicly-owned Tn-County Metropolitan
Transportation District of Oregon (TRI-MET), with authority
to operate public transportation within Multnomah, Clackamas
and Washington Counties.In 1969, TRI-MET took over the
operations of Rose City Transit Company.
At the time of the creation of TRI-MET, nearly all
suburban bus service in the Portland area was operated by
Blue Bus Lines, made up of four companies under the con-
trol of families which had pioneered much of the bus service
in the suburban area and had, over the years, acquired lines
of various other operators.Factors which brought about the
decline of Rose City Transit operations similarly affected
the Blue Bus Lines.TRI-MET took over the operation of
the 82 buses owned by the ailing Blue Bus Lines in November
1970.
PRESENT SERVICE
Declining patronage on public transportation facilities
has been instrumental in shaping today's system.The buses
were old and have recently been replaced.Service frequen-
cies have decreased on many lines in the last decade, and
45most of the local operations have had changes in ownership.
Public ownership and subsidy of transit began locally in 1969,
when TRI-MET assumed operation of the former Rose City
Transit Company properties, and the Blue Bus Lines in 1970.
Service Frequency
Frequency of service varies widely from line to line,
depending upon established riders hip patterns.Generally,
the urban operations offer 10- to 15-minute headways during
the morning and evening peak periods, with approximately
30-minute headways during midday, and hourly service at
ni ght.Many of these urban lines operate from 5 a. m. to
12:30 a. m., and provide service seven days a week. Owl
service is offered on four lines.The suburban lines also
vary in service frequency. Many have a basic 60-minute
headway with more buses added during peak periods.Hours
of service are generally from 6 a. m. to 10 p. m., with re-
duced service on weekends.
Fares
The basic fare in the TRI-MET service area is 35t.
Senior citizens with "Honored Citizen" cards may ride for
25 between 9:30 a.m. and 3:30p.m., and after 6p.m.
School children may obtain special cards allowing them to
ride for 25if they are oflihigh school age, or 15t for elemen-
tary school children.The suburban lines have fare zones--
generally concentric from Downtown Portland and divided into
five-cent incremental increases.
Patronage
In 1969, the Rose City Transit Company reported that
it carried 15. 45 million annual revenue passengers, while the
Iue Bus Lines reported three million annual revenue passen-
gers. The short period of TRI-MET's operation of the two
systems, plus service on several new lines, makes it diffi-
cult to determine at this time if the previously described tread
of declining patronage has continued.It is estimated that
TRI-MET carries approximately 60, 000 riders on an average
weekday and will carry 18 million annual riders during 1971.
Bus Equipment
By the end of 1970, TRI-MET was operating 287 buses;
46124 were gasoline_powered and 165 were diesel-powered.
Eighty_two buses were obtained from the Blue Lines System
and are all diesel-powered, manufactured by General Motors
Corporation (G. M. C. ).Most of these have been operated for
more than 15 years.All of the gasoline-powered buses were
manufactured prior to 1952 by Mack and Twin Coach.Because
of the large number of old operating equipment, TRI-MET
purchased 75 new diesel-powered buses with financial assis-
tance from the Urban Mass Transportation Administration,
U. S. Department of Transportation.These buses were de-
livered and put into service during the months of March and
April, 1971.Fifty of these buses are 45_passenger and were
manufactured by the Flexible Company, and 25 are 51-passen-
ger, eight and one-half feet wide G. M. C. buses.
The U. S. Department of Transportation recently
approved a grant for the purchase of an additional 135 buses.
These buses, all 42-passenger, were manufactured by the
Flxible Company, are eight and one-half feet wide and were
made available in early 1972.Consequently, TRI-MET has
a fleet of 210 new buses replacing all of the old operating
equipment.
Comparison with Similar Systems
A comparison in operating characteristics of TRI-
MET with other systems with similar patronage in the United
States is shown in Table 1.Generally, TRI-MET serves an
area of lower population density than systems carrying a
similar number of riders.Consequently, TRI-MET must
work harder than the average to carry the equivalent number
of riders. As indicated in Table 1, TRI-MET operates more
buses, a larger staff, and more bus miles of operation to
achieve its ridership than do systems carrying a similar
number of riders.
Importance Of Public Transportation
It is now becoming evident that public transportation
must play the same important role in transportation as it
did several decades ago. An attractive alternative means of
transportation for the automobile must be provided to offer
residents of the area a choice in travel modes, the opportu-
nity to remain at most a one-car family, and to provide an
economic, efficient, relaxed and safe means of transporlaüon.
47It can have a marked effect on the requirements for street
and parking faciliities.Every four people who enter Down-
town Prtland by transit in 1971 eliminate the need for three
automobiles on the streets and 1. 5 parking spaces.Increased
travel by transit, especially in areas of high traffic concen-
trations, is needed to help alleviate present and growing air
pollution problems.Public transportation is essential to
people who are unable to drive an automobile for reasons of
age, income or physical infirmities, and can greatly reduce
the dependency upon those who do drive.For those people
who are unemployed, public transportation offers a means to
locate employment and provide transportation to and from
this newly acquired job.The cost of driving and parking an
automobile in Downtown Portland is approximately double the
cost of using TRI-MET. Public transportation provides much
greater access than the automobile into areas of very high
densities, such as a growing Downtown area.Lastly, it
also provides a reserve and standby service during times of
inclement weather or when the family automobile is not a-
vailable.
TRANSIT OPERATIONS RESEARCH
Choice in Mode of Transportation
People in Downtown Portland were asked what mode
of transportation they used to travel to Downtown, and why
they used that particular mode.Twenty-eight percent of
those who replied used the bus to enter Downtown, while 52
percent drove an automobile to the Downtown area.The
remaining 20 percent either were passengers in an automo-
bile or entered the Downtown area walking or by another
mode.Table 2 is a summary of the reasons for choosing
each mode.
Ten percent of the people interviewed Downtown said
they used the bus because no other mode was available to
them.This group of people, sometimes referred to as cap
tive riders, account for 33 percent of the total bus riders
interviewed.Nine percent of the people interviewed chose
to ride the bus because it is less expensive than driving an
automobile and parking it Downtown.Twenty percent of the
people interviewed claimed they used their automobile be-
cause it was needed for more than one purpose or trip.
48Also, 16 percent said they used the automobile because
it was more comfortable and convenient than the bus.The
results of this survey indicate that only a very small percen-
tage of the people did not use the bus because they were not
familiar with the bus service.In actuality, there may be a
larger percent of the people unfamiliar with the bus service
as this response only indicates the major reasonfor choo.rig
a particular mode of transportation.Table 2 indicates what
Downtown people consider as important reasons for choosing
a mode of transportation.The attitudes expressed here in-
dicate areas where bus service can be improved to obtain a
selective change in transportation mode.
Time Patterns
The hourly fluctuation in weekday transit ridership is
indicated in Figure 2.The morning peak hour ridership is
approximately 250 percent greater than the midday hourly
ridership and the afternoon peak hour ridership is some 320
percent greater than the midday ridership.This time pattern
is the most critical element in transit economics.Buses and
drivers must be provided to accommodate the peak demands,
which lasts only a few hours per weekday. When transit is
successful and able to attract more commuters from their
automobile, it usually occurs during these peak hours, thus
requiring more buses and drivers.However, through fare
incentive programs, such as reducing the off-peak period
fares, and by drastically changing the working hours at large
offices, industrial plants, and universities, more travel
could be accommodated during the present off_peak hours
when the buses are only partially loaded.
Research, Development and Demonstration Programs
The Urban Mass Transportation Administration of
the Ui'S. Department of Transportation supports transit re-
search, development and demonstration programs to stimu-
late technological, institutional and operational improvements
in public transportation.The 1972 program is divided into
the following eight categories:
1. Central City
2. Major Activity Centers
3. Lower Density Collection and Distribution
4. Commutation and Linkage
495. Employment Facilitation
6. Equipment and Facilities
7. Management and Operations
8. Planning and Program Analysis
Many of the program studies' have been completed and the
results of these were utilized in shaping the plan for improe:1
bus service for the area.Studies which were utilized per-
tained to subjects such as express bus operations, transit
fringe parking usage, attracting transit patronage by in-
creased service, transit service in newly developed commu-
nities, characteristics of radial and cross-town routes, the
effects of monthly bus-fare passes, the effects and type of
transit marketing, and the uses of small buses in commercial
districts.In addition to these research and demonstration
projects, experience gained by other transit operations on
the West Coast was utilized in developing and determining
the effects of transit improvements.
Changes in Transit Fare
Considerable study has recently been donw to deter-
mine the effect of transit fare changes on ridership.The
results of these studies2 to date indicate that for every 10
percent change in fare, a three percent reverse change in
ridership occurred.For example, if the fare increased by
10 percent, ridership normally decreased by three percent.
This general rule has been substantiated for existing fares
between 15t and 40t.Most recently, fares were reduced in
Atlanta, Georgia, from 40t to 1St.During the first month,
March 1972, ridership increased approximately 21 percent,
or 3. 4 percent per 10 percent reduction in fares.
1 Directory of Research, Developmentand Demonstration
Projects, Department of Transportation, Urban Mass
Transportation A dministration, June 1970.
2 CoordinatedTransit for the San Francisco Bay Area- -Now
to 1975, October 1967; A Case Study of a Demand Respon-
sive Transportation System, Sept. 1970, Kingston Transit
Study, Kingston, Ontario; Mass Transportation Demon-
stration Proj ect, Commonwealth Of Massachusetts,
Atlanta, Georgia, March 1972.
50Service into Areas Previously Unserved by Transit
Public acceptance of new bus service into residential
areas without previous service or intodeveloping residential
areas has been varied as proven in numerousdemonstration
projects.In estimating the ridership of a new line or an ex-
tension of an existing line, it is best to know the numberof
people, automobiles owned, number of employed people, and
the income per household within a quarter-mile of the pro-
posed bus line.This information is generally known by cen-
sus tract at 10_year intervals, at timesof special census
counts, or at the times a comprehensive transportationstudy
was n-a de.However, using this detailed information also
produces varied results and is very time-consuming for re-
sults produced.Consequently, a simple method was developel
so TRI-MET staff could easily andquickly estimate the ex-
pected annual ridership on a new line or line extension, and
use such data as a guide in making thedecision as to whether
or not a line should be installed.
Surveys in the portland area indicated that in suburban
areas of low density single family residences, abus line cper_
ating at one-hour headways during off-peak periods would
carry, on the average, 31. 5 annual rides perdwelling unit lo-
cated within one-quarter mile of the line.
New ridership could then be estimated by counting,
from aerial photos and field checks, the number of dwelling
units located within one-quarter mile of all lines proposed in
areas previously unserved by transit and multiplyingthe num-
ber of dwelling units by 31. 5 annual riders per dwelling unit.
Changes in Service Frequency
A procedure was developed to quickly determine the
effect on ridership when service frequency is changed.The
procedure utilizes the curves shown in Figure 3, which sim-
ply state that a 10 to 25 percent increase inridership will
occur for every 100 percent increase in service.The curves
were derived from results of the Mass Transportation Dema-t-
stration Project, Commonwealth of Massachusetts; Grand
River Avenue Transit Survey, Detroit, Michigan; and the
Alameda and Contra-Costa Transit Districts.
An example problem best illustrates the use of the
51curves in Figure 3.Assume the base period headway on a
line will be decreased from 30 minutes to 20 minutes.Read-
ing the low curve and then the high curve indicates the
following:
Low Curve High Curve
Headway Per Cent Per Cent
30-Minute 9 25
20-Minute 15 37
DIFFERENCE 6 12
Therefore, one could expect at the very least, a six percent
increase in ridership and, at the very most, a 12 percent in-
crease in ridership.The low curve is used for a line with low
potential; that is, one with low density, single unit detached
housing with families having high auto ownership.Conversely,
the high curve is used for a line having high potential; that is,
one passing through neighborhoods of high density, multi-
family dwellings and low auto ownership. An average of the
two curves is used for a line having average potential.Judg-
ment and knowledge of the area and line is used in determining
which curve to use, or the location between both curves.
Transit Marketin
In developing or expanding a transit marketing program,
it has been found that such a program only affects ridership
levels if the advertising gives transit information, or at least
telLs where to obtain the information.General advertising
on radio, television and the newspaper encouraging people to
ride transit has little effect unless it also gives the person
information concerning the service.In summary, transit
promotion is necessary to inform the public of its existence
and where it provides service and it should provide just that
function.Attempts to use gimmicks and to prove that it is
socially acceptable, inexpensive, or convenient have not pro-
ven to increase ridership.However, promotion must also
provide impact on the public to produce a philosophy that tran-
sit is the people's to use at will and a great public service.
Advertising and Promotion Demonstration Program,
Allegheny County, Pennsylvania
52Park-And-Ride Operations
Approximately 2.0 percent of the present suburban bus
riders were found to drive to a bus line, parking on the stre
or some off-street facility, and boarding a bus for Downtown
Portland, A person driving to a bus line can choose a loca-
tion to park to maximize driving convenience, and minimize
transportation and parking cost, and travel time.However,
parking is usually on residential streets where it is free and
unlimited.This can be detrimental to a residential neighbor-
hood when the streets fill with all_day parkers and it is
inconvenient to the residents. Some park in shopping centers
or other private lots, thus taking space away from a potential
customer or visitor.Consequently, most suburban business
have not been too happy with this situation and have forced
some of the parkers to move their automobiles.
During the past decade, transit operators throughout
the United States have become aware of the increased amount
of transit riders who drive to the bus line.To capitalize on
this operation and reinforce it, formal park-and'ride stations
were built in many cities.The history of parkandride is
varied, some were successful and some failed.The Depart-
ment of Transportation has recently sponsored a number of
demonstration programs involving park_and_ride, usually in
conjunction with express bus operations on limited access
highways.Presently, two nationwide park_and_ride research
programs are underway and a recent study5 concerning the
feasibility of special transit and car-pool lanes on freeways
was completed.It has been generally concluded from these
demonstration programs that people with a choice of travel
modes can be attracted to public transportation from the
automobile if service is rapid, convenient and inexpensive.
It is usually the Downtown worker who would benefit most and
support a park-and-ride operation.The major factors in
4 Highway Transit Transfer Facilities, Institute of Traffic
Engineers, Federal Highway Administration.
Feasibility and Evaluation Study of Reserved Freeway Lanes
for Buses and Car Pools, Alan M. Voorhees and Assoc.,
Inc. ,Northwestern Traffic Institute, and Daniel J. Edelrnan
Inc., January 1971.
53park-and-ride operations which have led to successful opera-
tions are the station location, service standards, total cost
to the transit rider, existing traffic congestion, and parking
shortages Downtown.
Location: A park-and-ride station must be carefully located
to attract the maximum possible number of people from its
service area.The station must be provided with excellent
access from its service area.The station must be provided
with excellent access from the street system and an adjacent
freeway for both buses and automobiles.The most success -
ful operations are from stations located adjacent to freeways
so minimum time is spent in traveling between the station
and freeway.The park_and_ride station should be located
between major residential areas and Downtown to intercept
the commuter, rather than requiring an out-of-direction trip
to reach the station.Its location should be such that a large
population live beyond the station or in its tributary area to
attract the maximum number of commuters to warrant fre-
quent service.
Service Standards: The frequency of transit service and the
travel timeby busare of major importance to the potential
park-and-ride user.The driver does not want to lose time
when stopping and changing travel modes at a point interme-
diate to the destination.To compensate for this delay, a
high frequency of service must be offered to minimize wait
time for a bus and the bus must travel at speeds equal to or
greater than normal traffic.Preferential treatment for
buses, such as exclusive bus lanes or lanes shared with a
limited number of other vehicles, offer incentives to a poten-
tial parkandride user.The successful park-and-ride Blue
Streak bus experiment in Seattle provides express service in
reversible lanes in the freeway median.In Downtown Seattle,
the Blue Streak buses have exclusive access and egressramps
with these express lanes.In Washington, D. C.,exclusive
bus lanes in the Shirley Highway median are movingcommu-
ters to the downtown area.
Design Considerations: The size of the park-and-ride station
is a key factor in providing service competitive with the auto-
mobile.It is usually better to provide a few large stations
rather than many small stations because at large stationsa
greater concentration of riders require frequent service and
54express buses to Downtown. Also,nearby bus lines can be
routed to pass through the station, then travel express to
the city center.It is not as economically feasible to provide
the same frequency of service at small stations as atthe
large stations.However, the station must not be too large
so that the user spends toomuch time walking between the
parked car and the bus unless there is morethan one stop
in the station area.
The parking area must be of adequate size to accomo-
date the volumes, or additional patrons will bediscouraged
from using the facility.This has been the case with the
Seattle Blue Streak experiment; the 500-car lot isfilled eañy
in the day, so the potential for stimulating off-peakridership
is not available.
It should also contain adequate short-termparking
for motorists waiting for bus passengers.This short-term
parking should not conflict with long-term parkers orbuses.
The bus circulation and loading area should becompletely
free of conflicts and as central to the parking area asis pos-
sible to reduce walking distance.The parking area should
be relatively level, illuminated, landscaped andintegrated
into its neighborhood.The station should be well signed to
indicate its function and how it is to be used.
The station building and shelter is important to the
potential park-and-ride user.One will not choose to wait
outside in the cold, windy rain for a bus if the tripcould be
continued in the comfort of an automobile.Consequently,
successful park-and-ride operations have shown that a com-
fortable, heated and well_lighted enclosed stationshould be
provided.It should include a transit information display,
telephones, vending machines, restrooms and thewaiting
area should be provided withvisibility to see outside and in-
side.
The importance of effective circulation once the bus
has reached Downtown should not be overlooked.In Portland,
the average walking distance from a Downtown parking space
to work is three blocks.If the bus system can offer more
convenience than this, it is another plus for attractingriders.
55User Cost: Another essential factor in developinga success-
ful park-and-ride program is theuser cost.Many of the
earlier park-and-ride operations charged forparking, in ad-
dition to the transit fare.Today, only three out of some 36
original operations which initially charged forparking con-
tinue to do so.Also, many systems charged a higher transit
fare at park-and-ride stations because theservice was of
premium nature.Consequently, many users by_passed the
station and parked in areas where the bus farewas cheapest
and boarded the bus from that location.The lessons learned
in structuring the park-and-ride fare indicatethat the user
is conscious of the cost and does respond ifparking is free
at the station and the transit fare is equivalentto the system
base fare.
FIVE-YEAR TRANSIT IMPROVEMENT PLAN
It was recommended that the community establishthe
goal "To Increase Transit Ridership.Recommendations
aimed at achieving this goal are summarized belowand cover
the following major elements:
Improved Service
* Improved Equipment
* Improved Fare Structure
* Improved Marketing Program
Improved Service
The recommendations to provide improved transit
service to the community may be summarizedas follows:
1. All regularly scheduled local public transportation
service within the Portland-Vancouver Metropolitan
Area, except the Gray Line airport and sightseeing
service, should be eventually consolidated intoone
regional public transit operation.This will require
new legislation in the States of Oregon and Washing-
ton, and approval by the agencies involved.
TRI-MET, the largest and best equipped and funded
public operator in the region, with an excellentper-
formance record and trained staff, is the most
logical agency to manage and operate the regional
service.
562. Existing bus lines should be modified and extended
to better serve the residential and commercial
areas, frequency of service should be increased on
most lines and local service should be provided
within the suburban communities, in accordance
with plans presented in this report.
3. Special transit service should be provided for
dependent people.
4. Park-and-ride bus stations should be constructed
in the vicinity of the Banfield Freeway and 1-205,
at the interchange of the Mt. Hood Freeway and
1-205, in Milwaukie in the vicinity of Clackamas
Expressway and McLoughlin Boulevard, and in the
vicinity of Sunset Freeway and Beaverton-Tigard
Freeway.Park-and-ride bus stations should also
be considered for later construction in Downtown
Vancouver, West Portland adjacent to 1-5, and in
Lake Oswego. Bus station, landscaped parking lot
and access highways should be provided at each
location.
5. Express bus service should be operated on freeways
or arterials when freeways are congested or not
available between park-and-ride bus stations and
Downtown Portland.Exclusive lanes for buses
during peak periods should be provided on Division
Street between the park-and-ride station at 1-205
andS.E. 52ndAvenue. BetweenS.E. 5ZndAvenue
and S. E. 7th Avenue, exclusive transit lanes are
recommended on Division and Clinton Streets which
would be converted to one_way operations. When
the Mt. Hood Freeway is constructed, it is recom-
mended that exclusive transit lanes be provided
within the freeway median to Downtown Portland.
When highways used by express buses become con-
gested, special studies should be conducted in
cooperation with the Oregon State Highway Division.
Such studies should investigate the practicability of
providing preferential treatment to buses.This may
include exclusive lanes to be used only by buses and
automobiles carrying more than three people; me-
tering ramps to allow for free flow of buses; and
57others.
6. Bus routings in Downtown Portland should be
consolidated to operate on Fifth and Sixth Avenues
in the south and northbound directions, respectively,
and on Washington and Alder Streets in thewest
and eastbound directions, respectively.It is fur-
ther recommended that two exclusive bus lanes
each be provided on Fifth and Sixth Avenuesbetween
Madison and Burnside Streets.If and when Alder
and Morrison Streets are closed to normalautomo-
bile traffic, as recommended in the PortlandDown-
town Plan, then Morrison Street should be used for
transit operations in both directions.
7. Bus stops should be marked with signs andbe
provided with loading zones free of parkedvehicles.
8. Some 210 modern bus shelters should beconstructed
at major loading and transfer points to providewea-
ther protection to waiting passengers.
ImprovedEquipment
1. Buses over 14 years old should be replaced with
modern air-conditioned equipment and adhereto
pollution standards.This will require the acquisi-
tion of 192 new buses beyond those delivered during
March 1971.
2. The goal of providing the public with betterbus
designs and innovative features should be pursued.
Specifications for bids on new equipment should be
written for vehicles representing improvementsin
design, styling and passenger comfort.
3. The use of 102-inch wide buses with wideseats is
recommended, except where width is restrictedto
96 inches.Number of seats should be less than the
nominal bus capacity to afford greaterpassenger
comfort, e. g.,48 seats in a nominally 53_passenger
bus.
4. TRI-.MET should modernize its maintenance and
58repair facilities and equipment to permit maximum
efficiency in fleet maintenance and administration.
Improved Fare Structure
It was recommended that the present number of fare
zones be reduced, and the zone boundariesand fare structure
revised to convenience the rider and facilitate collection.
The revised fare plan for the entire system should consist of
the following elements:
1. Base zone adult fare,35t.
Z. Four additional zones at lOeach.
3.Ten-cent discount to all riders between 9 a. m. and
3 p. m., Mondays through Fridays.
4. Special Downtown Portland fare of25toffering
unlimited transfer privileges between 9 a. m. and
3 p.m. within area bounded by Stadium Freeway
and Willamette River, and good for outbound trip
before3 p.m.
5. Free transfer back to same bus line in same direc-
tion only, or to other bus lines in any direction.
6. Sale of weekly passes for each zone.
7. Base fare for elementary school and high school-
aged children at15tandZ5,respectively.
Improved Marketing Program
TRI-MET should initiate a vigorous marketing pro-
gram aimed at increasing ridership.The public should be
informed where to board a bus, where and when the buses
operate, and where to obtain additional information. Also,
the product must be good-_service must be comfortable and
convenient to the user so that the public will want to ride
buses and will not feel inconvenienced when doing so.
The following recommended marketing program has
been developed to disseminate transit information:1.Establish TRI-MET goal-_to increase ridership.
2. Develop Marketing Department.
3. Improve timetables and system map.
4. Include system map and information in telephone
book.
5. Establish a transit information telephone number.
6. Print information telephone number on outside of
all buses, on tickets, passes, schedules, maps and
all advertising.
7. EstabJish Downtown Information and Sales Center.
8. Install displays at key boarding areas, showing
system map and information.
9. Install 'Tree Telephone Information Service" at
key locations.
10. Provide numerous locations to purchase tickets
and passes.
II. Advertise in news media.
12. Mail out transit information with utility bills.
13. Obtain merchant and community organization's
support.
14. Develop driver-salesman relationship with riders.
It is estimated that if the recommended plan improvements
are implemented as described, the annual patronage will in-
crease 25 percent, from 18 million riders in 1971 to 22. 5
million riders by 1976 on TRI-MET. Correspondingly,on
the Vancouver Transit System, the annual patronage is esti-
mated to increase 37 percent, from 193, 000 riders in 1971 to
265, 000 by 1976.A summary of patronage increase by im-
provement for both systems is indicated in Table 3.TWENTY-YEAR TRANSIT IMPROVEMENT PLAN
The plan development at the time of this presentation
consisted of an examination of several different concepts of
public transportation and the detailing of the chosen system.
The following four concepts were examined:
- 1975 Bus System
- Express Bus System
- Conventional Rapid Transit
- New Mode
1975 Bus System
The 1975 Bus System consists of the present-day bus
operation, plus improvements as recommended in the Five
Year Improvement Plan for the Portland-Vancouver Metro-
politan Area.This system is characterized by medium-sized
buses operating in mixed traffic with passenger stops as often
as every two blocks.Lines are spaced at intervals of approx-
imately one-half mile where practical, and radiate from
Downtown Portland, including cross-town service.This
system has an average overall operating speed of approxi-
mately 12 miles per hour, and service frequencies seldom
less than 15 minutes except during peak periods.Express
service would be provided from seven park-and-ride stations
located on the periphery of Portland and in Vancouver.This
system is considered the base concept on which to compare
all other concepts of public transportation.
Express Bus System
The express bus concept envisioned a greatly expanded
system, utilizing exclusive transitways, freeway operating
controls and metering, and park-and-ride stations throughout
the region.Local buses would perform the collection and
distribution function of the express system.The stations
would also serve people who drive and park at the station,
those who are driven and those who walk to the station.These
stations would be connected by express buses operating on
headways no greater than 15 minutes, and as low as 2-3 min-
utes in heavy movement corridors.Exclusive facilities
would be provided wherever operating speeds dropped much
below free-flowing speed.
61The express bus network would consist of express liuies
connecting each station where transfers could take place from
a radial trunk line to a cross -town trunk line, or vice versa.
During the peak travel periods, certain buses would operate
express from origin station to destination station, usually
Downtown, without any intermediate station stops.In cor-
ridors of heavy transit usage, operating costs could be re-
duced by use of large buses such as double-deck or articulated
buses.
Conventional Rapid Transit
The third concept is conventional rapid transit, which
could include duorail, steel-wheel rapid transit similar to
all existing systems in the United States and under construc-
tion in San Francisco and Washington, D. C.; a duorail rubber-
tire system similar to those in Montreal and Mexico City; a
supported monorail system similar to those in operation in
Seattle, Tokyo and Disneyland, California; and the transit
expressway utilizing the Skybus vehicle proposed for the
Pittsburgh Transit Expressway Revenue Line.These vehi-
cles operate in trains on a grade-separated, fixed guideway.
High capacities are possible but headways between trains are
limited to approximately 90 seconds at the maximum load
point because of limitations in automatic train control and
today's technology.Trains with 200 to 1, 000 seating capacity
might reach a top speed of 80 miles per hour, but the opera-
ting characteristic of stopping at every station limits average
speed to about 30 miles per hour.Station spacing is gener
ally one to two miles, and the lines are characteristically
radial from the city center. A feeder system serving the
stations, as well as park-and-ride facilities, is necessary.
New Mode
The New Mode concept represents new systems pre-
sently under development, but not yet operational in revenue
service.The concept, also known as Personal Rapid Transit
(PRT) is a system utilizing small vehicles holding four to
eight passengers, operating under computer control on a
fixed guideway structure.The vehicles would operate either
on scheduled operation during peak periods, or be demand
responsive at all times.Stations would be located off the
main line so vehicles would operate nonstop from origin
station to destination station.Vehicles may travel approxi-
62mately 60 miles per hour at headways between one-half and
two seconds, depending on control technology at the time of
implementation.The network ultimately might be a large
grid or radial pattern with stations located at approximately
one-mile intervals.A supporting feeder system to the sta-
tions or park-and-ride facilities would be provided and could
be similar to a feeder system for any of the three previously
described concepts.
Prototype systems are operational today at full- or
half-scale models.Within the next few years, it is antici-
pated that these systems will be operational at speeds up to
30 miles per hour, headways at eight seconds on shuttle lines
with stations located off the main line.It is not anticipated
that grid-type networks will be in operation for some years
because of control technology and present size requirements
of interchanges between routes.
Conclusion
The evaluation of the alternative concepts was design1
to permit selection of the best concept for further detailed
analysis.
Some quantifiable benefits and costs were estimated
on a comparable basi s.In addition, the implications of each
alternative concept on land use, system design, the environ-
ment and social services were described.The preliminary
economic evaluation indicated that an additional investment
in an express bus system would possibly achieve a break-ev
point between anticipated annual cost and community benefits.
Investments in conventional rapid transit and new mode could
result in an annual cost exceeding expected benefits by $37
million to $71 million, and $33 million to $51 million, respec-
tively.This suggests that unless further benefits can be
quantified or costs reduced in more detailed analyses, that
introduction of the two capital intensive concepts would de-
pend on judgments of net benefit according to non-economic
goals such as land use, environment or social goals.Other
factors, such as numbers of jobs created and sources of
funds, would also have to be taken into account in the more
detailed analysis.
Considering the relative merits of each system de-
63scribed, a general order of concept priority evolved as com-
pared to the base condition, 1975 Bus System, and is shown
below:
- Express Bus System
- New Mode System
- Conventional Rapid Transit
On the basis of this evaluation, it was recommended that
detailed analyses be made of the express bus system and new
mode system.However, because of the uncertainties as to
when the new mode would be proven fully operational, the
uncertainties in capital and operating cost, and the uncertain-
ties in the physical characteristics of the vehicle and guideay
system, it was decided by the technical and policy committees
of the Columbia Region Association of Governments and TRI-
MET to detail only the express bus system as the 1990
Master Transit Plan with compatibility for eventual change-
over to a new mode system.
It is anticipated that the plans for improved public
transportation for the Portland-Vancouver Metropolitan Area
will be completed by January 1973.
64ABLE 1
RI-MET ANNUAL OPERATING STATISTICS COMPARED TO SIMILAR SYSTEMS
Averege of
1970
ISeven Systems of I
tern Tn-Met SimilarPotrnnI
"lumber of Revenue Passengers
opulation Served
oute Miles (One Way)
oute Miles per 100,000 Populaton
us Miles Operated
evenue Passengers per Bus Mile Operated
)ollars of Passenger Revenue
Dperating Expenses
"lumber of Buses
"lumber of Employees
18,062,000 18,348,000
881,000 603,000
410 375
47 62
9,602,000 7,619,000
1.9 2.4
5,650,000 5,673,000
9,760,000 6,233,000
289 265
620 530
Source:American Transit Association, 1969 Data
De Leuw, Cather & Company
Tn-Met Annual RecordsTABLE 2
CHOICE IN TRANSPORTATION MODE TO THE CENTRAL BUSINESS DISTRICT
Percent of Percent of
Reason for Choosing Bus Bus Riders Total Responses
6 2 Do Not Like to Drive
Bus More Convenient 25 7
No Drivers License 13 4
Family Has No Automobile 11 3
Automobile Used by Others 9 3
Bus Less Expensive Than Automobile 19 6
Parking Too Expensive 12 3
Other 5 1
100 28 Total
Percent of
Reason for Choosing to Drive Automobile Auto Drivers
8 No Bus Available 4
Not Familiar with Bus Service 1 1
Bus Service Too Slow 9 5
Requires Transfer Between Buses 1 1
Bus Arrival Too Infrequent 5 3
Auto More Comfortable and Convenient thanBus 31 16
Boed Automobile for Other Purpose 39 20
Other 6 2
100 52 Total
Percent of
Reason for Choosing to Ride as Passengers
Auto Passenger or Walk &Walkers
4 No Bus Available 1
Not Familiar with Service 1 -
Bus Service Too Slow 7 1
Requires Transfer Between Buses 1 -
Ride Available in Automobile 61 12
Live Close Enough to Walk to Destination 17 4
Other 9 2
100 20 Total
TOTAL 100TABLE 3
1976 ESTIMATED PATRONAGE INCREASE BY SERVICE IMPROVEMENT
Servke Tn-Met Vancouver Transit
Improvement Patronage System Patronage
Increased Frequency 1 ,700,000 12,000
Line Improvements 700,000 57,000
Park-And-Ride 800,000 0
Marketing Program 600,000 3,000
Fare Change 700,000 0
TOTAL PATRONAGE 4,500,000 72,000
INCREASE
1971 Patronage 18,000,000 193,000
TOTAL 1976 PATRONAGE 22,500,000 265,000F
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As everyone is most undoubtedly aware, there is a
well-known phenomenon occurring known as the "bicycle re-
volution".It was very evident today as we walked around the
campus of Oregon State University and into this building.I
wish I had been able to arrange for 200 bicycles so we could
have cycled to lunch instead of that long walk.
Actually, cycling is an excellent form of exercise.
Bicycles take little room on our streets, do not pollute the
air, are noiseless and a lot safer than driving_ -providing
there is a place to ride the bicycles.Some articles read
indicate that bicycles may solve some of our vehicular con-
gestion problems in the future.If this is to happen, a comide
system of bikeways will be required in our urban areas as bi-
cycle riders are no different from pedestrians and will not go
out of their way to use a bicycle route if itis inconveniently
placed.This has been proven to some degree in Davis,
California where an extensive bicycle trail system now exists.
Many years will be required to develop bikeways before the
bicycle can play an important role in transportation.
As most of you are aware, the 1971 regular session of
the Oregon Legislative Assembly passed House Bill 1700, com-
monly known as the "Bicycle Bill"; thus enacting the first
funded, state-wide bicycle path and pedestrian footpath legis-
lation in the Nation.The statute provides that not less than
one percent of funds received from the State Highway fund by
any city or county, or by the State Highway Commission,
shall be expended for the establishment and maintenance of
footpaths and bicycle trails.Within our state, 26 counties
and 67 cities must comply by expending one percent of their
funds for the establishment of footpaths and bicycle trails.
Cities and counties with a small amount of funds available
can accumulate them for a period not to exceed 10 years.
A portion of our law that appears to be quite cumber-
some is the requirement that footpaths and bicycle trails
72shall be established .. wherever ahighway, road or street
is being constructed, reconstructed or relocated.However,
the law states that these facilities not be limited to new con-
struction only, but may be established along any highway,
road or street and in parks and recreational areas.The law
goes on to insure that footpaths and bicycle trails will not be
established on construction projects unless:
1. Where the establishment of such paths and trails
would be contrary to public safety;
2.If the cost of establishing such paths and trails
would be excessively disproportionate to need or
probable use; or
3. Where spar sity of population or other available
ways or factors indicate an absence of any need
for such paths and trails.
The statute further requires that the Highway Division shall
recommend construction standards for footpaths and bicycle
trails and provide a uniform system of signing which shall
apply to paths and trails under the jurisdictions of the Highcay
Commission, cities and counties.With this in mind the
Highway Division published the manual 'tFootpaths and Bike
Routes--Standards and Guidelinesuto provide general consi-
derations and methods for bicycle trail and footpath planning,
design and construction.Sections contained in the manual
are general recommendations only, and will vary according
to local conditions and special situations.This manual has
been sent out to all governmental agencies, public schools
and libraries so the publication should be available in every
city and town.The manual is available upon request from the
State Highway Division for $1. 00 per copy.
The first chapter contained within the manual is for
bicycle route planning.Bicycle route planning is similar to
highway planning; purpose for the route, anticipated usage,
cycling needs and,of course, how the route can complement
present modes of transportation by linking communities,
schools, parks, and places of business, must be determined.
The lineal park in MedIord that Mr. Gary Woodring previouy
spoke about provides an excellent example of a location for a
bicycle route.As he described, the route goes through the
73City of Medford and will connect various park facilities.
Now ltd like to show slides and discuss our standard
methods for constructing bicycle routes as shown in our
manual.
Slide No. 1. This is our ClassTIA?!type bike route that
provides for two_way bicycle traffic and is completely sepa-
rated from the highway facility. We recommend 8 feet as a
desirable minimum width as this is just wide enough to ac-
commodate maintenance vehicles such as pickups and sweqrs.
This is the most desirable type of trail and most generally
will be located in park facilities.
Slide No. 2. Another form of Class "Ar bikeway
which, again, is completely separated from the highway faci-
lity but, unlike the previous example, is parallel to and
located within the highway right of way.
Slide No. 3. Shows a typical curb and sidewalk section
that would have joint bicycle and pedestrian usage.These
facilities should have at least an 8-foot width.
Slide No. 4. Our standard widened-shoulder bicycle
route and probably the least desirable of any of the standards
seen.As you can see it provides for one-way bike routes on
each side of the highway.Shoulders 10 feet in width can be
utilized for this purpose.Oregon uses a 4-inch shoulder
stripe and in areas having the bike route on the shoulder we
have added the 4-inch stripes, 7 inches apart, as additional
delineation for the bike route.Initially, the Highway Division
has planned 28 miles of this type of bicycle route for experi-
mental purposes in areas that will be of special benefit to
school children riding to and from school in our rural areas.
These routes are under construction by our maintenance
forces.
Slide No. 5. Shows a cross-sectional view of how
concrete bumper blocks could be used to construct a bicycle
route.This type of construction can only be used providing
there is adequate street width to facilitate the incorporation
of the bicycle route separated from traffic by the bumper
blocks and parked automobiles.
74The remaining slides show how bicycle facilitates
could be incorporated on structures, base and paving re-
quirements for bicycle routes and design considerations.
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Introduction
With the advent of Full-Depth asphaltpavement diis
there has developed an accompanying changein paving prac-
tices and techniques.The basic change has been an increase
in the thickness of paving courses in asphaltconcrete con-
struction. With this increase in lift thickness hascome
certain changes in construction techniques with the equipment
available for asphalt paving, as well as the development of
new equipment.Thick lift asphalt paving has been andcan be
done with virtually all of the equipment types used in thepast
if certain modifications are made in the method ofuse of this
equipment.
Assuming adequate production capacity from the
asphalt concrete plants, three major items concerningcon-
struction operations become apparent, i.e. , mix temperature,
pavement smoothness, and asphalt concrete density.These
factors are interrelated and all are reflected in thecompac-
tion operation.
Thick asphalt concrete has been successfully placed
with all of the currently available methods and equipment.
Every method from dumping in windrows and spreading with
a motor grader, to spreader boxes, to rock spreaders, to
paving machines have been used.All of the methods and
types of equipment require the same attention to detail and
good workmanship as is necessary with conventional thin lift
paving even though some of the techniquesare different for
the two.Following is a discussion of differences for the
three items previously mentioned, i. e., mix temperature,
pavement smoothness, and asphalt concrete density.
Actually the concept of thick asphalt concretepave-
ments placed directly on a prepared subgrade without inter-
vening layers of base materials is notnew.The original
asphalt concrete construction before the turn of thiscenturywas done in exactly that manner.In a paper presented
twelve years ago, Mr. B.A.Vallerga' discussed the devel-
opment of asphalt paving in California and mentioned briefly
the placing of asphalt concrete on the native subgrade in
thick layers by hand methods.Main Street in Visalia,
California, placed in 1894, consisted of 6 inches of asphalt
concrete base and one inch of asphalt concrete surfacing.
During this period and until the middle 1930's asphalt concrde
bases placed between side forms were frequently placed and
compacted in thick layers.The resulting pavements gave
outstanding performance for many years.
Gradually, as construction equipment and techniques
improved, it became economical and expedient to use some
combination of surfacing and untreated base material to
achieve the needed pavement structure.Thus, there was a
gradual decrease in the thickness of asphalt concrete with a
corresponding increase of untreated base material in the
1940's and up to the middle of the 1950's.This eventually led
to the belief that the asphalt concrete was just a "wearing
surface" and that a good untreated base needed only a thin
surface course to carry the traffic load.Numerous base
failures began to occur, however, and as a result the practice
of adding cement to the untreated base material became popu-
lar to prevent plastic deformation of the base.
Increasing traffic loads resulted in the need for thic1r
asphalt concrete layers.At the same time a great deal of
laboratory and field research enhanced the technical knowl
of the engineer and he began to design pavements on an in-
creasingly rational basis.The WASHO and AASHO Road
Tests and the analysis of the mass of data they generated,
together with increasingly sophisticated laboratory procedures
clearly demonstrated the benefit and value of thicker asphalt
concrete and brought us to the present concept of the Full-
Depth asphalt pavement placed directly on the prepared native
sub grade.
Design Concepts
The design concepts for Full-Depth asphalt pavements
are intended to achieve the same purpose as for asphalt pave-
ments utilizing granular bases.Basically, the idea is to
83provide an engineering structure of sufficient strength to
protect the sub grade on which the road is to be built, from
the imposed loads.At the same time, the structure must be
capable, within itself, of supporting the imposed loads.
The two major items that must be considered in
structural design of asphalt pavements are plastic deforma-
tion of the subgrade and elastic deformation of the entire
pavement structure.
Plastic deformation of the subgrade (which might be
defined as a permanent change in shape withouta change in
volume) can be prevented by reducing stresseson the sub-
grade either by the thickness of the protectivecover or by
increasing the stiffness of the pavement structure.Actually,
increased thickness of the structure through greater amounts
of granular base results in an increase in the stiffness of the
structure.In subgrade materials that tend to be plastic, the
degree of plasticity will normally increase with greatera-
mounts of water.
Elastic deformation of the pavement structure (and
the underlying subgrade) can be considered to be recoverable
deformation.All pavements will exhibit it to some degree
and for all practical purposes it cannot be completely elimi-
nated.Elastic deformation of untreated granular basescan
be of sufficient magnitude as to cause fatigue-type distress
to develop in the asphalt concrete surfacing.This type of
deformation in a granular base can be magnified by thepres-
ence of water in the base. As in the case of plastic deforma-
tion, the amount of elastic deformation can be decreased by
increasing the stiffness of the pavement structure whichmay
be readily and efficiently accomplished by Full-Depth asphalt.
In the case of Full-Depth asphalt design, the stiffness
of the structure can be greatly increased with lesser thick-
nesses than with granular base materials.This results
because of the greater tensile strength of asphalt mixes due
to the cohesion in the mix developed by the asphalt.In addi-
tion, the tensile strength of an asphalt mixture tendsto be
greater at lower depths of the pavement structure because of
the lower temperature, further increasing the tensilestrerih
of the structure and thereby its stiffness.With the Full-
Depth asphalt design, the desired stiffness of thestructure
84can be achieved without attendant brittleness.
In these concepts, the Full-Depth asphalt structure
is providing some of what we call slab strength and while it
provides a structure that is capable of yielding in the event
of underlying settlement, it is no longer a "flexible pavemit"
as we have thought of asphalt in the past.
A point of interest in the Full-Depth design concept
is that stability of the asphalt concrete (or its internal shear
resistance) is critical only in the top 3 or 4 inches of the
pavement. Below this depth the unit shear stresses in the
pavement, resulting from the loads on the surface, have
diminished to a degree that they are not critical and can be
much more easily resisted.Of course, the mix in the pave-
ment structure below this depth cannot be a completely over-
lubricated, plastic mass, but must exhibit some degree of
internal shear resistance.Below the critical depth for sta-
bility, however, tensile strength of the asphalt concrete is
of the greatest importance and mixes are designed with this
thought in mind.In addition this leads to mixes containing
sufficient asphalt to provide the greatest possible degree of
impermeability thus resisting the entrance of water and air
into the base.
Compaction Concepts
With the move towards thinner asphalt concrete
surfaces on greater thicknesses of base material in the 1940's,
it became necessary to place the asphalt concrete in rela-
tively thin layers.With this came the discovery that it was
difficult to achieve the degree of density in the asphalt con-
crete unless certain procedures were followed.There was
a realization that the temperature of the mix was of critical
importance in the compaction process and it became general
knowledge that if proper densities were to be achieved, the
compaction process had to be completed in a relatively short
time after the asphalt concrete had been placed in order for
the mix temperature to stay sufficiently high.In order to
accomplish this compaction with the limited number of roller
coverages that could be made before the mix cooled off ex-
cessively, we reached the profound conclusion that asphalt
concrete could not be properly compacted to the necessary
85degree of density if it was placed in layers greater than two
or three inches.What we actually began to do was relate
ability to densify with thickness rather than with temperature,
or general resistance to compaction in asphalt concrete. A
couple of generations of engineers and contractor crews be-
came so firmly convinced of this that specifications were
written to limit asphalt concrete layer thicknesses to two
inches and to some degree they remain with us today.
Several years ago, through necessity to conserve
time, Mr. Charles "Duke" Beagle, Director of Public Works
for Woodbridge Township, New Jersey, began to e9eriment
with the placing of asphalt concrete in thick layers.His
tests, with single layers up to 18 inches compacted, were
thoroughly instrumented and documented.The results
showed that thick layers of asphalt concrete could be com-
pacted to higher densities than we were able to achieve with
the thin layers.In order to accomplish these densities,
normal construction equipment was used, although the hea-
vier rollers were required and they had to make more
coverages.
Becoming interested in the experiences in New Jersey,
the Washington State Highway Department also decided to
conduct some experiments.In a joint cooperative effort
with the Asphalt Paving Association of Washington, a series
of studies were conducted involving various thicknesses of
asphalt concrete, various methods of placing the material,
and different combinations of compacting equipment and
procedures.These studies also conclusively showed that
improved densities could be achieved in thick layers without
sacrificing smoothness.
During the past several construction seasons a con-
tinually increasing number of projects have been built utili-
zing Thick Lift asphalt construction in California and other
western states.The majority of these have been in city and
county projects involving rehabilitation or widening of exist-
ing streets utilizing Full-Depth asphalt concrete design.
Speed of construction, minimum depth of excavation, mini-
mum relocation of subsurface utilities and the least amount
of inconvenience to both motorist as well as abuttingproper-
ty make this concept ideal for street projects in urban areas.In all instances the projects have been highly success-
ful from all standpoints, i. e. ,speed of construction, econcn-iy,
densification of the asphalt concrete, smoothness of the fi-
nished pavement, etc.In virtually all cases the final surface
course has been limited to two inches orless, placed and
compacted in the conventional manner after the thick base
layers were completed.This procedure has been followed
mainly to assure that the final surface will have the smooth-
ness desired.
From the projects that have been built, a great many
things have been learned, and a great deal of reorientation
of thought has taken place.Suddenly we have learned we can
do things we previously thought impossible, and at the same
time we have found we must do certain operations in thick
lift construction just the opposite to the way we did them in
thin layer paving. Some of the observations that have been
made and the experiences on different projects are discussed
in the following paragraphs.
There appear to be several factors that can affect
the compaction and densification of a thick layer of asphalt
concrete. Some of these are:
1. Mix temperature during compaction
2. Harshness of the mix
3. Number of coverages of rollers
4. Weight of steel wheel rollers
5. Compactive effort (dynamic force) of vibratory
roller
6. Weight of pneumatic-tire roller
7. Diameter of pneumatic-tire of roller (when used
for breakdown)
8. Tire pressure in pneumatic-tire roller
9. Thickness of layer
10. Construction procedure for placing mix
11. Rolling sequence
12. Rolling pattern
The majority of these items affect compaction of
thin layers of asphalt concrete as well as thick layers, al-
though in some items their influence is different for the two.
To illustrate these effects, placing and compaction experi-
ences on a few recently completed projects will be described.
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Del Norte Avenue, Berkeley, California
During the early part of June 1967, the City of
Berkeley, California, began construction ofa pavement on
Del Norte Avenue.The project involved rehabilitation of the
existing street in which a considerable amount of under-
ground work had already been completed. Thestreet is
approximately 600 feet long, connecting the Arlington Circle
with Sutter Avenue.At the lower end (Sutter Intersection)
the street is on approximately a 5% grade.This grade in-
creases steadily to approximately 8% 350 feet up the hill
where a 900 turn exists.Beyond the turn the grade of the
street is approximately 10% approaching the intersection
with the Arlington Circle.The pavement design called for
1211 of asphalt concrete placedon the native subgrade of 10
R-value clay.
The mix for this project came from a local asphalt
plant and contained coarse aggregate produced froma ledge
rock quarry.The specific gravity of this aggregatewas ap-
proximately 2. 73.The mix contained 5. 5% asphalt (85 -100
penetration grade) based on the dry weight of theaggregate.
The mix contained a high proportion of crushedaggregate and
was somewhat harsh, but was an excellent mix with high
stability.
The mix was placed by a Barber-Greene SA-40paver
to an uncompacted depth of approximately 6 inches.After
compaction the asphalt concrete layer was approximately 5
inches in thickness.The paver traveled only 8 feetper mi-
nute, mainly due to limited plant production for the thickness
being placed.Even at this speed, there was a wait for trucks.
The project specifications required breakdown rolling
with a pneumatic-tire rolLer and a finalcoverage with a steel
tandem.The contractor provided a Ferguson pneumatic rol-
ler with 11 wheels having 9. 00 X 20 tires inflatedto 90 psi
pressure and capable of being ballasted to 25 tons.The rol-
ler was ballasted to approximately 17 tons, mainly because
of the estimated capability of the subgrade to support the
equipment.Also, reports from work done by the Washington
Highway Department indicated this to bean optimum roller
88weight.The second roller was a 10-12 ton steel tandem rol-
ler which was used without ballast (10 tons).
An attempt was successfully made to provide
breakdown rolling with the pneumatic roller.The success
was limited, however, in that the roller was unable tofunc-
tion without digging into the mix and displacing it when the
grade approached 7%. From this point on the breakdown
pass was made with the steel tandem after which the rest of
the compaction was done by pneumatic roller.Cores taken
subsequently and sliced into1_1/21T wafers showed that in all
cases the density ranged from 93% to 97% of maximumtheo-
retical density.Approximately 10 coverages of the rollers
accomplished this density.(Table I)
On the Del Norte Avenue project it was found that the
compacted mix, 1-1/2 hours after placing and with as many
as twenty coverages with the rollers, was still at a tempera-
ture of 210°F. at a depth of one inch below the surface.The
mix temperature was approximately 300° F. when measured
in place, immediately behind the paver.The high densities
were possible because of the long heat retention time allowing
ample time for compaction. Once the high densities were
achieved, the mix was able to support the construction
equipment without distortion or displacement.
It was also noted on the Del Norte Avenue project
that it was necessary to start compaction from the center of
the spread rather than at the edge.This held true for both
the steel and pneumatic rollers during the initial or break-
down pass.If rolling was started from the edge as in thin
lift paving, there was a tendency for the mix to be squeezed
out laterally at the unsupported edge as well as a reduction
in surface smoothness of the finished surface to occur at the
outer 12 to 15 inches.After one or two passes 10 to 12 inches
back from an unsupported edge, the roller could gradually
work toward the edge in succeeding passes as the compacted
part of the mix provided the necessary support for the rol-
ler.
From the pneumatic rolling done on the various
projects it was found that once the rubber tires of the roller
were heated up by the mix, the tendency of the mix to stick
to the tires disappeared. In some cases the application of a
89parting agent (Roller-Eze) without dilution on cold tires
enabled the rubber tires to roll with little pick up of the mix
even when cold, thus allowing time for the tires to heat up.
Euclid Avenue. Berkeley. California
A second project constructed in Berkeley in 1967was
on Euclid Avenue and certain cross streets, and was done by
a different contractor.The grades on this project ranged
from virtually flat to a high of approximately 15%.The mix
was made from a gravel aggregate and was not quite as harsh
as the mix used on Del Norte Avenue.The asphalt content
was 5% by dry weight of aggregate, using an 85-100 penetra-
tion grade.The mix was placed with an SA-41 Barber-
Greene paver to a depth of approximately 6" loose which
compacted to a thickness of approximately 4-liz".
On Euclid Avenue t1compaction equipment consisted
of an 8-10 ton steel wheel tandem and a relatively small 9
wheel pneumatic roller.The pneumatic roller had 8. 00 x
15" tires capable of 90 psi tire pressures and for the project
was ballasted to approximately lZ tons.Special provisions
for the project contained requirements that a streetexcava-
ted on one day had to be paved with the basecourses the
following day.
Due to the depth of mix and the relatively small
diameter of the pneumatic tires, it was found that initial rol-
ling could not be done effectively with the pneumatic roller.
The tires sank into the mix to such a depth that the resistance
to rolling was excessive and the drive wheels dug into the
mix.For this reason an initial breakdown pass was made
with the steel tandem roller after which the remainingcom-
paction was done with the pneumatic roller.Again, cores
taken later and sliced into wafers showed anaverage of 95%
of maximum theoretical density (Table I) was achieved.
With limited plant production again, paver speedwas slow
and the pneumatic roller had ample time for compaction and
10 to 12 coverages achieved the desired density.
Of interest on the Euclid Avenue project was the
necessity to reduce mix tempertures to approximately 270°F
With a comparatively workable mix itwas necessary to have
a lower temperature in order that asphalt viscosity could
90increase sufficiently as the mix cooled during rolling to hold
the density achieved during compaction. Even with reduced
mix temperatures, temperatures of 200°F. were measured
1" below the surface two hours after the mix had been placed
and compacted.
It was also observed on the steeper portions of
Euclid Avenue that much greater operational control was
possible with the pneumatic roller than the steel after the
breakdown.This was due to much greater resistance to
slipping with the rubber tires.
Sunnyvale, California
Two projects were constructed in the City of
Sunnyvale during the summer of 1968, both by the same con-
tractor.The mix consisted of crushed limestone coarse
aggregate and sand from a gravel source.The asphalt con-
tent was 5. 2% of an 85-100 penetration grade paving asphalt.
A 3/4H maximum medium gradation meeting California Divi-
sion of Highway's specifications for a Type B mix was used.
On these projects two asphalt plants as well as a 300-ton hot
storage bin were used to supply an SA -41 Barber-Greene
paver.The paving machine was equipped with high speed
bar feeders which allowed the machine to handle the large
volumes of mix while paving at up to 60 feet per minute.
The project on Fair Oaks Boulevard had a 14" total
asphalt section on a subgrade of approximately 10 R-value.
It was placed on the first 2-1/2 block section in three 4"
compacted base courses and a 2" surface course.The three
courses of base were placed the same day utilizing 2241 tons
of mix, in 7-1/2 hours.The contractor used a BMCO 25Th
pneumatic-tired roller, ballasted to 20 tons, with eleven
wheels having 9. 00 x 20, 16 ply smooth tires inflated to 90
psi for all rolling, except the final coverage which was done
with a 10-12 ton steel tandem.The single pneumatic roller
was not able to keep up with the production and an additional
pneumatic roller was brought to the job. Some supplemental
rolling was also done with the loaded mix trucks.(Table 1)
It was known at the outset that the heat retention tin
of the mix would be at least 2 hours, hcwever, consideration
had not been given to the effect of placing a second and a
91third thick course before previous course had cooled
completely.The mix temperature for the first course was
about 290° F. behind the paver. By the time compaction was
completed and the second course was being placed, the tem-
perature of the first course was still approximately 190°F.
The effect of this was to retard even further the rate of
cooling of the second course to the point that density growth
could not be efficiently achieved because the viscosity of the
asphalt would not increase fast enough to hold the compacted
particles in place as they were rolled.The mix tempera-
ture for the second course was reduced to 270°F. and then
to 250° F. and held at this level for the third course.At
this temperature, densities in the range of 93% to 96% of
maximum theoretical density were achieved with 8-10 cover-
ages of the pneumatic rollers.The rolling pattern was si-
milar to that used on the Berkeley projects, i. e.,beginning
in the center of the spread and progressing to the edges.On
later portions of this project, the base was placed in two 6"
compacted courses with equal success as far as density was
concerned.
Los Angeles, California
In the latter part of November 1967, an investigation
of Thick Lift paving was made by the City of Los Angeles.
The project selected was on Mission Road with the tests
performed near 7th Street.The purpose of the study was to
determine the effect of thick lift paving on density and thick-
ness of the asphalt concrete base.The compacted thickness
of the base was 6" and it was placed in one course.Various
compaction procedures were tried with several types of
equipment.Different mixing times were used at the plant
and a careful record was made of temperatures in the mix
after placing.The conclusions from the investigation were
that high densities were obtained with all the procedures of
compaction (Table II).
In late March 1968, the City of Los Angeles conducted
another investigation on a project on 23rd Street near Santa
Fe Avenue.The purpose of this study was similar to the
previous study except that all compaction on the 6" compcte1
asphalt concrete base was done with two steel wheel rollers.
The mix was placed in a thickness of 7-1/2" prior to com-
92paction resulting in the desired 6" after compaction.
Uniformly high density was found throughout the entire test
area (Table III) and it was noted that with a starting temper-
ature of 300° F. the temperature of the compacted base was
still at 200°F. three hours later.
In October 1970, a project approximately 1-1/2 miles
in length (20 city blocks) was started on Hollywood Boule-
vard in Los Angeles.Plans required excavation of 12" of
the existing pavement for 22 feet toward the center from
each curb line.The remaining 26 feet in the center was
left intact except for removing 2" of the surface with a heater
planer.The trench sections were backfilled in one 10" lift
for the base, placed by a "Jersey Spreader" between street
intersections.The base was placed in the intersections by
end dumping and spreading with a motor grader.All com-
paction was done with two 10-12 ton steel tandem rollers.
The asphalt concrete for the base course was a 3/4" maxi-
mum dense graded mix with 85-100 penetration paving
asphalt.After all of the base course had been placed, a 2"
surface course of a 1/2" maximum dense graded asphalt
concrete was placed over the entire width of the street.
Traffic was carried through the job at all times and permis-
sable construction time for the base on any block was limited
to five days.
San Francisco. California
In October 1970, a somewhat unique project was
constructed on Pine Street in San Francisco.The pavement
work involved the rehabilitation of the existing street which
is a major commuter route out of the downtown area in the
evening.The specifications required that a pavement be
available for the commute traffic each evening by 4:30 p. m.
The project was successfully accomplished at the rate of
one block per day with excavation, compacting subgrade,
placing a thick lift asphalt concrete base and compacting it,
virtually all at the same time.Excavation was performed
by two Gradalls which at the same time shaped the subgrade.
Immediately after the excavating and shaping, a small hand-
operated double drum vibratory roller compacted the sandy
subgrade.The mix was then end dumped by the trucks and
spread by a motor grader with all compaction done by a
large self-propelled vibratory roller.In some instances,
93the excavation was no more than 50 feet ahead of the com-
paction of the thick lift asphalt concrete base.This pro-
vided an asphalt concrete base approximately 8" thick
which was surfaced after all of the base had been placed.
The density produced by the vibratory roller was excellent
and generally equalled density achieved on other projects
with static weight type rollers (Table I).
State Highway Projects
In a rehabilitation project on US-101 near San Luis
Obispo, California, the travel lanes were excavated to a
depth of 1. 2 feet and replaced with asphalt concrete in 0. 4
foot lifts.An overlay of 0. 2 foot was then placed over the
entire roadway and shoulders.Traffic was carried through
the project on a paved surface at all times.After excava-
tion of the old travel lane pavement, the asphalt concrete
was deposited in a windrow from bottom dump trucks in the
excavated trench, after which a paver with a pick-up loader
placed the mix.Local soft spots were sub-excavated and
backfilled with asphalt concrete to provide a firm subgrade
for constructing the Full-Depth pavement.Compacting was
accomplished with steel and pneumatic rollers in accordance
with California Standard Specifications. A 3/4" maximum
media mix with 85-100 penetration asphalt was used.
The 1971 construction of a 13. 5 mile project on 1-80
near Winnemucca, Nevada, utilized thick lift paving methods
for the 5 inch base course.Asphalt concrete was produced
with cold aggregate control from one stockpile and the
screens from the asphalt plant were removed.The mix
went to a six compartment hot storage bin from the contim-
ous plant from which the trucks were loaded. A new 24
foot wide paving machine supplied by a new type end dump
truck was successfully used.The beds of the trucks used
on this project did not have to be raised since the material
was discharged into the paver by means of a hydraulically
operated flight and drag chain. A total of 9 inches of asphalt
concrete was included in the structural section and compac-
tion was done with steel breakdown, pneumatic intermediate
rolling with steel for finish rolling.Compaction was con-
trolled by nuclear density testing.
94In 1970 a 40 mile section of 1-80 from Wendover,
Utah, across the Bonneville salt flats, easterly, was paved
in two contracts.The mix was produced from single stock-
pile, cold feed control through two continuous mix plants
with the hot bin screens removed. For approximately one
half of the project, 3 dryers were used. Mix was hauled by
large, off-highway bottom dump units, and deposited in two
windrows. Two wide payers, working in echelon placed the
mix 39. 5 feet wide and 3-1/2" thick in one compacted course.
Compaction was accomplished with the conventional steel,
rubber, steel combination utilizing three rollers with the
two payers.Job production for the first half of the project
was approximately 500 tons per hour, which eventually
reached 750 tons per hour.A 3/4' maximum dense graded
mix with 6% of 85-100 penetration asphalt was used.
Rolling Temperatures
The maximum desirable mix temperature at which
compaction should commence will vary with the mix, the
type of roller, the thickness of the spread, and the ambient
temperature. For these reasons, each project should be
analyzed to arrive at the proper temperature for the mix at
the time of compaction. For the purpose of this discussion
the following definitions are used:
(A) Compaction is defined as the act of compressing
a given volume of material into a smaller volume.
(B) Density is defined as a degree of solidity that
can be achieved in a given mixture which will be
limited only by the total elimination of voids
between particles in the mass.
It should be kept in mind that for the proper density
to be achieved in an asphalt concrete mixture, two things
must occur.First, proper and sufficient mechanical effort
must be imparted to the mix in order for the particles to be
moved into successively smaller volumes with continued
compactive effort.Second, after the particles have been
compacted to the proper volume, (i. e.,the volume at which
the desired density is achieved) the viscosity of the asphalt
must be such that the asphalt can retain the particles in the
compacted volume.
95For the first condition, the mix temperature (there-
fore the asphalt temperature) must be such that there is
sufficient workability in the mix to allow the necessary
movement of the particles to occur.After the proper com-
paction has been accomplished, the mix temperature must
be low enough to permit the proper asphalt viscosity to
develop in order to retain the density that has been achieved.
Generally speaking, in thick layers the heat retention
period of a given mix may be from five to ten times as long
as for the same mix placed in thin layers.This fact per-
mits adequate time to accomplish the necessary number of
passes with the roller on thick layers before the mix tem-
perature falls below a minimum to allow satisfactory
workability of the mix.
For most conditions, with the thickness of the
uncompacted layer of asphalt concrete 5" or more, the mix
temperature at the time of the initial pass of the roller need
not exceed Z75°F.In most cases this temperature can be
260°F. if ambient temperatures are above 70°F. and rolling
is started immediately after placing of the mix.
Under all conditions, the compaction rolling must be
completed before the mix temperature (measure 1" below
the survace of the layer) has cooled to 185°F.Further
rolling below this temperature especially with steel or vi-
bratory rollers probably would not be effective and could be
harmful.
Harsh mixes with a high proportion of crushed
particles are more difficult to compact.These mixes bene-
fit from rolling temperatures that are 10°F. to 15°F. higher
than for border-line stability mixes (stability is defined as
resistance to shear deformation) with uncrushed gravel or
mixes high in the middle sand sizes.
Mix to be placed as a second thick layer, on a laye
previously placed but not yet coiled below 150°/F. should
have a temperature at the time of initial compaction of
250° F. to 260 F. with compaction commencing immediatdy.Because of longer heat retention periods with thick
layers of asphalt concrete, they may be placed successfully
at lower ambient temperatures than for thin layers.Gene-
rally speaking, thick lifts may be placed at ambient temper-
atures of 30° F.if mix temperatures at the time of initial
compaction are 290°F.
Summary
Experience on many projects has shown that the
thick lift method of paving for base construction is practical
and densities equal to or better than achieved with thin lift
paving are normal.Placing and rolling techniques need
slight modification, however, presently available conven-
tional equipment is capable of achieving the desired results.
Attention to construction details utilizing normal good prac-
tice will provide a smooth dense base on which to place the
final surface course. From thick lift projects constructed
so far, the following can be said:
1. All currently available rolling equipment of suffi-
cient size or capacity can effectively compact
thick layers of asphalt concrete.
2. Mix temperatures, in general, for proper com-
pactionofasphalt concrete mixtures can be as
much as 50° F. lower than for the same mixes
placed in thin layers under the same conditions.
3.It is mandatory that each project be analyzed as
soon as construction starts to arrive at the proper
compaction procedure with the equipment to be
used and to establish the most desirable mix
temperature.
4. The minimum temperature for the completion of
compaction rolling should be approximately 185° F.
5. Rolling patterns for thick layers should start in
the center of spreads and progressively advance
towards edges, especially unsupported edges.
6. Asphalt concrete may be placed at lower ambient
97temperatures in thick layers (4" or more com-
pacted) than thin layers.
7.If breakdown or initial compaction is to be done
with pneumatic rollers tire size should be at least
9. 00 x 20 (the 20" rim diameter is critical as a
minimum).
8. For pneumatic breakdown rolling, tire pressures
between 75 psi and 90 psi with the tires hot seem
to be optimum.
9. Pneumatic breakdown rolling should not be attemp-
ted on grades severe enough to result in spinning
of driven wheels in the mix. Maximum grades
seem to be around 7% for breakdown rolling with
pneumatic rollers.
10. To achieve either gradeline or texture smoothness
in thick lift paving the same care, attention to de-
tail, and workmanship is necessary as is needed
for any type of base course construction and paving.
Attached as Appendix A are some suggested compac-
tion procedures that can be used with thick lift construction.References
(1)Vallerga, B.A., "The Quiet Evolution in Heavy
Duty A sphalt Pavement Design", Proceedings,
California Street and Highway Conference, 1959.
(2) Beagle, Charles W.,"Compaction of Deep Lift
Bituminous Stabilized Base", Proceedings,
Association of Asphalt Paving Technologists,
Volume 35, 1966.
(3) Minor, Carl F., "Asphalt Pavement--Placed and
Compacted in Thick Lifts",Civil Engineering,
May 1966.TABLE I
Percent of Maximum Theoretical Density
TopMiddleBottom Remarks
Del Norte Avenue,93. 2 95. 897. 8Pneumatic 1967
Berkeley
Euclid Avenue, 96. 894. 592. 8Pneumatic 1967
B erkeley
Fair Oaks Avenue,95. 6 96. 7Pneumatic 1968
Sunnyvale
Pine Street, 98. 297. 697. 3Vibratory 1970
San Francisco 97. 198. 996. 1
98.798.796.5
mAnrflTT
Relative
Core No.SectionCompaction% Rolling Operation
1 1 103 Steel, Rubber, Steel
2. 1 102
3 1 102
4 2 101 Rubber (Air on the
5 2 100 run), Steel
6 2 -
7 2. 101
8 3 101 Rubber, Rubber,
9 3 100 Steel
10 3 101
11 4 102 Steel, Steel, Steel
12 4 101
13 4 101
Project: Mission Road at 7th Street -Los Angeles,
November 1967; pavement thickness 6" compacted
100'T'AT 'TTT
Relative
Core No. Section Compaction %
1 1 101
2 1 101
3 2 101
4 2 101
5 3 100
6 3 101
7 1 101
8 4 102
9 4 102
Project: 23rd Street near Santa Fe Avenue - Los Angeles,
March 1968
Pavement Thickness 6' compacted
All compaction with Steel-1 14-Ton 3-Axle Tandem
1 8-10 Ton 2-Axle Tandem
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Suggested Compaction Procedures for
Thick Lift Asphalt Concrete Construction
The following compaction procedures are intended
for asphalt concrete construction resulting in compacted
layers in excess of 4thickness.
For the purpose of these compaction procedures the
following definitions are used:
1.Initial or Breakdown Rolling is defined as the
first pass of a roller on asphalt concrete after
the material has been placed to line and grade.
Z. Intermediate Rolling is defined as the rolling per-
formed immediately after the initial rolling.WI
completed the pavement should meet job density
requirements.
3. Compaction Rolling is defined as including initial
and intermediate rolling.
4. Finish Rolling is defined as the final rolling neces-
sary to obtain the desired surface texture and
eliminate roller marks. No further densification
is anticipated in this operation.Finish Rolling is
not normally necessary when placing base course.
5. Pass is defined as one movement of a roller over
one spot in the pavement being compacted.
Compaction-_Suggested Specifications for Rolling
When asphalt concrete is placed in layers in excess
of four inches compacted thickness, rolling from the center
to the edge will be permitted, and all compaction rolling
shall be accomplished before the mix temperature falls be-
low 185° F.Prior to paving, the Contractor shall furnish
manufacturer's certificates or literature demonstrating
that rollers meet requirements specified below. Any one
of the five following procedures may be used at the
baContractor's option.Prior to paving, the Contractor shall
state which procedure he intends to use and he shall not
change that procedure without the Engineer's approval.
1. Certification
The Contractor shall provide compaction to a
minimum of 97% of the maximum laboratory den-
sity and shall provide certification from an ap-
proved materials testing laboratory that the
Asphalt Concrete has been so compacted. Any
combination of rollers and rolling patterns will be
allowed under this procedure.In lieu of the above
compaction requirement, the measured density of
the compacted mix may be from 92% to 97% of the
maximum theoretical density of the mix.
2. All Rubber (For Base Course Construction Only)
A pneumatic-tired roller shall be provided,It
shall be equipped with 9. 00 x 20 tires inflated to
a minimum of 60 psi when cold and a maximum of
90 psi when hot, capable of being loaded to 3, 000
pounds each.The roller shall be capable of being
ballasted to 15-20 tons.The exact loads and
pressures will be established by the Engineer.
Each layer shall be given a minimum of 8 complete
passes with the pneumatic -tired roller. More
passes may be required to eliminate tire ruts.
In the event subgrade conditions are such that
initial rolling with this equipment is not feasible,
this option will not be permitted.
3. Steel and Rubber
Apply a breakdown (initial) pass with an 8-10 ton
tandem roller followed by intermediate rolling
consisting of a minimum of 8 complete passes
with a roller equipped with 7. 50 x 15 tires (or
larger) inflated to a minimum of 60 psi when cold,
and a maximum of 90 psi when hot, with a roller
capable of being ballasted up to 12 tons.The
exact loads and pressures will be established by
the Engineer.
Finish rolling may consist of one pass of an 8-ton
103tandem roller after completion of the intermediate
rolling.
4. All Steel
Apply a minimum of 12 passes with a tandem roller
weighing at least 10 tons.
5. Vibratory
Compaction shall consist of at least 8 passes with
a vibratory roller imparting a dynamic force of
at least 21, 000 pounds.
Rolling Patterns
Rolling shall commence at least one foot from the
edge of the mat after which the roller shall be gradually ad-
vanced to the edges.Within one foot of any edge, the roller
on its initial pass shall advance to the edge in 4" increments.
The roller shall be advanced to a supported adge first, if
applicable.Rolling within one foot of an unsupported edge
should be delayed to minimize possible distortion, but com-
pleted at such time that proper densities are obtained after
the completion of rolling.
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Introduction
Cement treatment of base materials has been widely
used for many years to provide better roadway bases and
solve specific local problems. Over 85, 000 miles of equi-
valent Z4-foot wide soil-cement pavement have been built
since the first engineered projected in South Carolina was
built in 1935.These projects have included streets, roads,
airports, industrial haul roads, parking areas, and pathways.
Cement treated base has become widely used as a subbase
for concrete pavement on heavily travelled highways.Uses
for soi-cement other than pavement include linings for ca-
nals, reservoirs, and sewage lagoons, ditch lining, slope
protection, and facing for earthilli dams.
This paper will discuss the use of cement treated
bases specifically for roads and streets.What you are
seeking here are answers to several questions. When should
cement treatment be considered? What materials are suit-
able? How much cement is required? How thick should it
be? How is it built? The intent here is to answer these
questions and show how cement treated bases can provide
low-cost pavements with a long service life.
Definitions
The terms soil-cement and cement treated base need
further definition.Soil-cement as used by PCA means a
mixture of soil, portland cement, and water which is com-
pacted at optimum moisture content to produce a hard,
durable material.The term soil is used in the broadest
sense and includes all combinations of gravel, sand, silt,
and clay.It also includes other materials such as cinders,
slag, and waste materials.
Cement treated base--CTB--as used by the highway
departments in the western states is a mixture of granular
106base material, portland cement, and water which is compac-
ted at optimum moisture content to produce a hard, durable
material.In PCA terminology CTB is one type of soil Ce-
m ent.
Cement modified soil refers to any material which
has been treated with cement, but not enough cement has
been added to produce a durable material.These additions
are usually for other purposes such as to change the plasti-
city index of a soil, or as a compaction aid.
Materials
Soil-cement can be made from almost any material.
Whether a given material will be economical depends on how
much cement is required to produce hardened soil-cement.
The cement content is determined by durability tests which
will be covered later.
The materials for soil-cement do not need to be well
graded aggregates.The stability of the material is a result
of the hydration of the cement and is not dependent on cohe-
sion or interlocking of the particles.The only gradation
requirement is that after pulverization, 80% of the material,
exclusive of gravel, must pass the No. 4 sieve.
Sandy and gravelly soils with about 10-35% silt and
clay are best for soil-cement.This is because these ma-
terials are easiest to process and take the least amount of
cement to harden.
Gravel and crushed materials should have 55%
passing the No. 4 sieve.This can be reduced to 35% if the
material is well graded and sufficient fines are present.
Some of the best materials for soil-cement or CTB
are waste materials or sub-standard material from a gravel
plant.Many materials that fail to meet specifications be-
cause of excess fines or poor gradation can be made into
soil-cement with rather low percentages of cement.This is
a good way to use this material economically.
Beach sands and blow sands are also excellent
materials.These sands are usually lacking in fines and
107sometimes getting traction during construction is difficult.
Excellent soil-cement can be made with silt and clay
soils, but as the clay content increases, the amount of ce-
ment increases also.The n-iain problem with these soils is
the difficulty pulverizing them. As a general rule, if you
can pulverize the soil,it is not too heavy textured for ma1ing
soil-cement.
Another good source of material when an existing
roadway is being improved is the material there now.These
materials including the old bituminous mat can be processed
with cement to make an excellent soil-cement base. As long
as the oil in the old mat is not "1ive, it will not prevent the
cement from setting.Here again, if the mat can be readily
pulverized, it may be used.
Testing and Control
There are three fundamental control factors in
making soil-cement:
(1) proper cement content
(Z) proper moisture content
(3) adequate density
The moisture and density requirements are deter-
mined in a standard moisture_density test.The moisture
content at which maximum density is obtained is called the
optimum moisture content.This moisture content and den-
sity is what should be obtained during construction.
Adequate density is extremely important in soil-
cement construction.If a mixture of soil containing the
proper cement and moisture content is not fully compacted,
you do not produce hardened soil-cement.Most specifica-
tions require compaction to at least 95% of the maximum
density, but it is suggested that this be revised to not more
than 5 pounds per cubic foot under the maximum density.
This tighter control requirement is not difficult to achieve
with proper compaction equipment.Because of the impor-
tance of adequate density, the compaction procedure deserves
108particular attention.
The amount of cement required to harden a particular
soil is determined by durability tests.The ASTM Freeze-
Thaw and WetDry tests and PCA Weight Loss Criteria are
used.In general, the freeze-thaw test will be critical for
granular materials and the wet-dry test will be critical for
silt and clay soils.
The freeze-thaw test is very severe and has proved
to be reliable.In this test, specimens are molded at seve-
ral cement contents.After a 7_day curing period, they are
placed in a freezer at -10°F for 24 hours.Then the speci-
mens are removed from the freezer and placed in a moist
room at 70°F and 100% relative humidity for a period of
23 hours.
At this time the specimens are brushed with a stiff
wire brush to remove any loose material.This completes
one cycle and the specimens are subjected to 12 cycles to
complete the test.The specimens are saturated and have
water availahie at all times.They are weighed after 12
cycles and the weight loss determined.Using an established
allowable weight loss, a cement is selected.
The wet-dry test is run in a similar manner except
that the specimen is soaked in water for 5 hours and then
oven dried at 160° F for 42 hours to complete a cycle.This
test is also run for 12 cycles and the specimens are wire
brushed each time after drying.
A short-cut test has been developed for testing
granular soils.This procedure involves just four steps:
1. Determine the texture of the soil.
2. Run a moisture_density test.
3. Determine the indicated cement content from
charts.
4. Verify the indicated cement content by a 7-day
compressive strength test.If this strength is
109above the minimum on the chart, the cement con-
tent is satisfactory.
Most of the highway departments use a strength test
for determination of the cement requirement for CTB. A
typical requirement is that the material have a compressive
strength of 800 psi at 7 days.This requirement is well a-.
bove that riired for durability and has given excellent
results.
Another test method which is suitable for small jobs
(or if you are really in a hurry) is the pick and click test.
Simply run a moisture-density test and mold specimens at
three contents, say, 8%, 12%, and 16%.After curing them
for at least two days, the specimens are tested by picking
at them with a dull ice pick.If the material is hardening
properly, the pick should not go in more than about 1/4 inch.
For the click test the specimens are held perpendi-
cular to each other about four inches apart and clicked
together.They should have a ringing or solid tone.As the
force of impact is increased, one of the specimens may
break.If so, the center of it should pass the pick test.
There is a very definite difference between a poorly
hardened specimen and a satisfactory one.Even the most
inexperienced man can soon tell the difference and will be
able to select a safe cement content for construction.This
will usually not be the lowest safe cement content and the
regular tests airecommended.
Engineering Properties
Soil-cement and CTIB should not be thought of as base
stabilization procedures. When enough cement is added to
meet the durability requirements a structural material is
produced having important engineering properties of its own.
It has compressive strength which is usually in the
range of 300 to 800 psi in 7 days.This continues to gain
with age and may be three times as much in 5 to 10 years.
This is important for long time performance.The com-
pressive strength also significantly increases with an irrse
110in cement content beyond that required for durability.
It has flexural strength.This is normally 20% of the
compressive strength and also increases with age.
The modulus of elasticity of soil-cement depends on
the soil type, but is in the neighborhood of 1, 000, 000 psi at
28 days.All of these strength properties increase with age
and are not adversely affected by changes in temperature or
moisture content.
These properties give soil-cement a slab action
allowing it to carry heavier loads than equal thicknesses of
granular bases.This load carrying ability can be measured
in terms of the deflection profile, or by measuring the load
required to produce a given deflection.Tests on 10-ft. x
12-ft. slabs showed that loads were spread over an area
extending 52 inches from the load center.
A comparison of the load carrying capacity of soil-
cement base with granular base on a poor subgrade was made
by loading a 12-inch diameter plate until the deflection
reached 0. 05-in.Based on equal deflections, the ratioof
soil-cement to granular base load capacity was about 1. 5 for
the 4-inch thickness, over 2 for the 7-inch thickness, and
about 3. 3 for the 10-inch thickness.This increased load
capacity is true for soil-cement made with either granular
materials or fine grained soils.
Thickness Design
Most of the soil-cement pavements in service are
6 inches thick.This has proved satisfactory for secondary
roads, residential streets, and arterial streets having low
truck volumes. A few 4 and 5-inch pavements have been
built and have given good service under favorable conditions
of light traffic and strong subgrade support. Many miles
of 7 and 8-inch pavements are in service on primary high-
ways.
Since a rational thickness design method for soil-
cement has not been available until recently, the common
practice has been first to determine the thickness of flexi-
111ble base required for the conditions of traffic and subgrade
support.This thickness was then reduced by some ratio to
reflect the greater load carrying capacity of the soil-cement.
Common ratios used are that 1 inch of soil-cement is equiv-
alent to 1. 5--2 inches of granular base.The Oregon State
Highway Department uses this procedure and a ratio of 1. 8.
A rational design procedure has recently been deve-
loped by the Portland Cement Association.The procedure is
based on the basic structural properties of the soil-cement
and its fatigue resistance.Radius of curvature rather than
deflection was used as the principle factor in the design for-
mulations.The design procedure considers subgrade suprt,
traffic, and fatigue effects similar to the method for design
of concrete pavement.
Wearing Surface
Soil-cement is durable from a weathering standpoint,
but it is not wear resistant, so a wearing surface is required.
The type and thickness of wearing surface depends on traffic
and climatic conditions.For light traffic roads a DBST may
be used, but for higher volume traffic and more truck traf-
fic a plant-mix surface of 1-1/2 inches is recommended.
Thickness in this range does not add to the load
carrying capacity of the pavement. Plant-mix surfaces of
2 inches and greater do add to the load capacity and base
thickness may be reduced.
When a soil-cement base is hardening properly,
shrinkage cracks develop and these cracks usually reflect
through the wearing surface.These cracks should be ex-
pected and they usually cause no problems.
There have been many attempts to prevent this
cracking in the surface with varying degrees of success.
Some of the more successful ideas have been the use of a
BST layer between the soil-cement base and the plant-mix
surface, the use of thinner surfaces made with softer as-
phalts, and the delaying of placement of the final surface
until most of the crack development in the base has taken
place.
112The Oregon State Highway Department has come up
with the best idea I have heard of to date.They use a very
high quality CTB with a compressive strength of about 1000
psi with the thickness designed to meet traffic and subgrade
conditions.The wearing surface is placed in two lifts.The
first lift is composed of an open graded material with a high
asphalt content which is expected to bleed excessively.The
final lift is the standard OSHD wearing surface.This middle
layer appears to flow sufficiently to prevent reflective crack-
ing in the surface layer.
It is emphasized again, however, that these reflective
cracks do not indicate a structural problem in the base.Ex-
cept for appearance, they are not a problem.
Construction
The construction of soil-cement consists of pulver-
izing the soil, adding the cement and water, mixing, and
compacting the mixture.This was done with farm equip-
ment in the early days, but today we have highly specialized
equipment to do the job.
Modern soil-cement construction is done by both
central plant mixing and mixed_inplace.In_place mixing
equipment is either single pass or multiple pass type.With
any of these methods a mile or road per day is not uncommon.
Central plant mixing is especially adaptable where
granular borrow materials are being used.The plant is
usually located at the borrow source and the soil-cement
mixture hauled to the site.In-place mixing equipment is
more commonly used when the material in the existingroad-
way is to be used.However, it should be realized that eiftr
method can be used in either case.
Compaction of soil-cement base is done with the same
kind of equipment that is used to compact the embankments.
All types of equipment are used depending on the type of soil.
The choice of compaction equipment is the same as if there
were no cement in it.
Curing of the base is important in order for the
cement to hydrate.This is usually done by the application
113of a liquid bituminous seal.Any method that will keep the
base continuously moist is satisfactory.
The pavement is completed with the addition of the
wearing surface.The type of surface depends on the traffic.
For light traffic, a bituminous surface treatment may be
adequate, but for heavier traffic, a plant-mix surface of
1-1/2 to 2 inches is recommended.
Summary
In summary the following main points are emphasiz1:
1. Soil-cement or Cement Treated Base is more
than a stabilization.It is a structural material
having engineering properties that can be taken
into account in design.
2. Soil-cement has a considerably greater load
carrying capacity than equal thicknesses of granu-
lar base.This is a result of the slab-like action.
3. Well graded aggregates are not required for soil-
cement. Almost any material can be used.Be
sure to take a look at any material close at hand,
particularly waste materials and material in the
present roadway.
4. Determine the cement content for soil-cement on
the basis of durability using the freeze-thaw tests
or the PCA short cut tests for granular materials.
5. Remember the three control factors for construc-
tion: proper cement content, the optimum
moisture content, and compaction to maximum
density.
With these factors in mind, durable soil-cement or
CTB can be designed to meet almost any service require-
ment.It will prove most successful where truck traffic is
moderate.
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The 1971 edition of the Manualon Uniform Traffic
Control Devices for Streets and Highways has beenapproved
by the Federal Highway Administrationas the national stan-
dard for all highways open to public travel in accordance
with Title Z3, U. S. Code, Section 40Z (a).It contains pro-
visions for all streets and highways: The Interstate System,
State and local streets and highways, and highways under
Federal administration such as the National ParkService,
U. S. Forest Service, and the Bureau of LandManagement.
These standards were developed with the cooperation
of the American Association of State Highway Officials and
the four other organizations representedon the National
Joint Committee on Uniform Traffic Control Devices, the
Institute of Traffic Engineers, National Committeeon Uni-
form Traffic Laws and Ordinances, National Association of
Counties, and National League of Cities.
Many long hours have been spent by representatives
of these organizations in discussing, revising, andcompro-
mising with the resultant edition being the culmination of
their efforts. We have to appreciate the involvement of
such deliberation in producing the MUTCD, sinceas species
of the human race we are prone to have differences of opi-
nion and views.Hence reaching agreement on the many ims
contained in the manual was a mammoth undertaking. Now
we no longer have to refer to a manual that is "soon to be
published", but instead have the product in our possession.
It is still not perfect, and is subject to interpretation.
The need for the manual is as strong or stronger
today than it was when AASHO published a manual for rural
highways in 19Z7 and the National Conferenceon Street and
Highway Safety published a manual for urban streets in 1929.
With the Interstate System of highways and the modernauto-
mobile, Interstate vehicular travel is very commonplace
today, hence the need for uniformity of traffic control devices
120on all roads and streets is obvious.
A number of changes have been made in the 1971
edition of the MUTCD. Perhaps the most significant change
is the shift toward symbol signing.To me, this is particu-
larly significant in that it brings into perspective the princi-
ple of uniformity on a world wide basis.This has not been
an easy task to accomplish, however.The transition period
will take time to accomplish, not only for the manual to go
to more symbol signing, but also for field implementation.
Due to the apparent lack of full agreement to go to just sym-
bol signing, the N. 3. C. elected to utilize worded legends as
a supplement to many of the symbol signs.Also, a number
of symbol signs have as an alternate, a worded sign legend.
It is expected that in time the worded sign legend may disap-
pear where now they are still acceptable.
Three particular signs that have no alternate and are
a significant change are: the Yield, Do NotEnter, and
School signs.The Yield has been changed from a yellow to
a red background.The Do Not Enter sign has been changed
from a black legend on a square, white background sign to a
red ball on a square, white background with a white horizon-
tal bar through the middle of the ball.Within the red ball
are the words TTDo Not EntertT.The school sign has been
changed from a black worded legend on a diamond yellow
background to a black symbol legend on a trapezoidal, yellow
background for both the school and school crossing signs.
A number of other signs utilizing symbols can be
found in the manual. The following slides will afford a quick
review of some of these signs.
Perhaps the most significant change in the pavement
marking section is the use of the color yellow.The follow-
ing slides will demonstrate this use.
Within the signal section one notable change is the
addition of red and yellow arrow indications.The use of
these arrows is optional, however, and is strictly a matter
of engineering judgment.
Two specific warrants have been added.One is a
system warrant, which is intended to encourage traffic flow
izion major routes of a street network.If two major routes
intersect and if they have a combined peak-hour volume of
800 vehicles per hour, signals may be installed.The schoci
crossing warrant has been re-written and separated from
the pedestrian warrant so that it now stands by itself.
It should be noted at this point that the 1961 MUTCD
numerical warrants were specifically related to pretimed
signals, and traffic actuated signals were exempt from such
specific warrants.The 1971 edition of the MUTCD however,
has its signal warrants apply to any signal installationre-
gardless of type of equipment.
The time schedule recommended for conversion to
the MUTCD is as follows per IM 21-2-71:
Pavement markings--by the end of 1972
Signs-_December 31, 1972
Signa1sby the end of 1976
With respect to traffic controls for street and high
way construction and maintenance operations an FHWA
Notice dated December 9, 1971 indicates that contractpro-
visions on all Federal-aid projects authorized after June 1,
1972 shall contain specifications and/or special provisions
which require conformance with Part VI of the 1971 Manual.
An exception to this requirement is made where existing
State legislation does not allow for conforming to the Federal
MUTCD. A reasonable time may be allowed to permit the
proper legislation to be enacted to allow conformance.
Only highlights of the 1971 MUTCD have been disuissed
here.It is intended that this discussion only acquaint those
present with a part of the manual, and that each willgo into
it more in depth at their earliest convenience if theyhave
not already done so.
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As you may know, I could make this discussionvery
short this morning. When they first askedme to talk on this
subject, it was thought that Oregon again was going to pub-
lish its own Manual. As it turned out, it didn't quite work
that way and I could end this discussion in aboutone sentence
by saying that regarding the Oregon Manual, the State High-
way Commission adopted the new National Manual with a
couple of exceptions.Anyway, to start the discussion, I will
give you a brief background of the history involved in the
Oregon Manual on Uniform Traffic Control Devices.
In 1957, under authority granted by State Law, the
State Highway Commission published the first Oregon Manual.
This edition was based on the 1948 edition of the National
Manual and for the most part conformed with the National
Manual.The National Manual was revised in 1961 and subse-
quently the State Highway Commission published a 1967 edi-
tion of the Oregon Manual.In late 1971, the 1971 edition of
the National Manual was published.
In the past, in Oregon, we have found that the process
of publishing a State Manual has been quite time consuming
and so in an effort to save time along with money, and to
more closely follow the traffic control devices practices of
other states, the State Highway Commission adopted the 1971
edition of the National Manual with two exceptions.This new
National Manual officially replaced the 1967 Oregon Manual
lastmonth.The two exceptions that were taken were that we
will not mark "No Passing Zones" for sight distance re-
strictions due to horizontal curves and the omission of the
word "LIMIT" from the speed signs.
The decision not to stripe "No Passing Zones" for
horizontal curves was based on several factors.Two of our
neighboring states also do not stripe "No Passing Zones"
for horizontal curves and in the AASHO balloting a sizeable
124minority of the voting members voted against this.The
cost was also a factor in that it would be somewhat more ex-
pensive to determine the locations for the additional stripes
required and also for painting and maintaining additional
striping.As most of you are probably aware, there are a
large number of horizontal curves in the state of Oregon
which would require "No Passing" striping.The last, but
certainly not the least, factor was that we do not feel that
we have experienced operational or accident problems that
we are aware of due to lack of these stripes.It was, there-
fore, concluded by the Highway Commission to be in the
better interest for cities, counties and the State Highway
Division in the state of Oregon to take exception to marking
"No Passing for horizontal curves.
With regard to the word "LIMIT" on speed signs,
Oregon's laws governing vehicle operating speeds are set
up with basic rule operation, and generally if a posted speed
is exceeded, this fact may be used as prima facie evidence
of violation.In other words, for the most part we do not
have speed limits, and therefore, it was decided appropriate
to delete the word "LIMIT" from our speed signs.The only
cases where we may have speed limits with existing State
Law are for ocean beaches or structures and/or roadways
on which damage may occur due to excessive vehicle speeds.
A policy decision which may be of interest regarding
the use of the new symbol signs that has been made by the
State Highway Division is that wherever the option exists it
is anticipated that the Highway Division will eventually use
the symbol signs with appropriate supplemental legends as
the standard.However, the symbol signs will be used on a
very limited basis initially in order to allow for an evalua-
tion of public reaction and acceptance. We feel this is
important because if the public is not going to accept them,
which I feel they will, there is not much use in trying to go
completely to symbol signing.
If any of you are interested in our interpretations of
any of the other items in the Manual, I would like to take the
opportunity to suggest that you might take the time to con-
tact Mr. L. E. George, Traffic Engineer for the State High-
way Division, in Salem.
125There are many changes in addition to the new sym-
bol signs which may be implemented or required as a result
of this new Manual.I will briefly mention some of the other
changes which may also be made.In guide signing, accord-
ing to the new Manual, destination signs in rural districts
should be placed in advance of the intersections.However,
the use of destination signs will not be mandatory and desti-
nation signs are considered of lesser importance than the
junction, turn or directional route shield assemblies.
Mile posts for Interstate and non-Interstate Highways
are to be larger in size with the word 'MILE" incorporated
at the top of the mile post.I am sure that most of you have
seen some of the new mile posts that we have up on 1-5 be-
tween here and Portlard.Mile posting for Interstate High-
ways is also to be continuous far each route and shall begin
at the south or west end of the State.This will be somewhat
different for us in that we are changing our mile posting on
1-5.In the past we started in Portland and increased the
numbers going south to California.The new mile posts
start at the California line and increase northbound into
Portland.Installation of mile posts on non-Interstate High
ways is not a mandatory requirement of the Manual.
Two of the major changes in the Marking Section are
in regard to the use of the broken yellow centerline on two-
lane, two-way highways and another change which is being
implemented is that for two-lane, two-way highways there
will be no distinction made between rural and urban areas
as there was in the past, in that a broken yellow centerline
will be used in urban areas as well as rural areas.
There are a number of changes throughout the rest
of the Manual. A couple of changes in the Signal Section are
the provisions for the use of flashing "WALK" and "DON'T
WALK" indications on pedestrian signals. And as Elmer
mentioned previously, the National Manual requires us to do
some additional signal signing which I think that we may take
exception to and will not be required to do.The changes
which have just been mentioned are only some of the changes
which we may see as a result of the new Manual.
In regard to the time expected to implement the
lZ6changes required to conform to the new Manual, these
changes will definitely not be made overnight. As Jim and
Elmer mentioned earlier, the target date as set forth by the
Federal Highway people for conformance with the Signing
Section is December 31, 1974. We estimate the average re-
placement cycle for signs to be somewhere around four and
one-half years. Many existing signs would be useful for
longer periods of time.Therefore, in order to meet the
target date for signing, the budgeting for additional monetary
funds and personnel would be required in addition to what we
now have available for the routine replacement of signs.
The target date for compliance with the pavement
marking standards is December 31, 197Z. A problem in
completely complying by this date is that the existing strip-
ing in some cases would not be worn off by this date and
either additional money will have to be budgeted to remove
existing striping or, in some cases, there will be dual
striping consisting of the old standard combined with the new.
For compliance with the Traffic Signal portion of the
Manual, a target date of December 31, 1976 was suggested.
A problem similar to meeting the signing target date exists
for traffic signals.Traffic signals, in some cases, may
last for a period of ZO years or more before replacement or
major revision is required.Monetary funds and manpower,
in addition to what we presently need for normal replace-
ment programs, would therefore be required to meet the
compliance target date.
I have talked only briefly about some of the changes
required and problems involved in implementing the new
Manual.This discussion was not intended to discourage
you, and it is mr opinion that although there will be probls
as a result of the changes required, the benefits of the
changes based on uniformity alone will be worth the efforts
put forth in implementing the new Manual.
I have enjoyed speaking to you about this most timdy
subject and appreciate the attention you have given me.
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Hanks, John Traffic Analyst, OSHD, State Hwy.
Bldg.,Salem, OR 97310
Hannemon, Linda Traffic Investigator, OSHD, State
Hwy. Bldg., Salem, OR 97310
Hansel, Bradley Data Analyst, OSHD, State Hwy.
Bldg., Salem, OR 97310
Hansen, Allan L. Engr. Designer, OSHD, State Hwy.
Bldg., Salem, OR 97310
Harwell, Don Coord. Engr., Co. -City Sec., OSHD,
State Hwy. Bldg.,Salem, OR 97310
Head, Cecil Asst. Comm. Sec., OSHD, State Hwy.
Bldg., Salem, OR 97310
Hegmann, John J.Reg. Plan. Engr., FHWA, 222 SW
Morrison, Portland, OR 97204
Hector, Robert D.Res. Engr., OSHD,
Box 107, LaGrande, OR 97850
Hector, Wally Dist. Mgr., Douglas Oil Co., 5500
NW Front, Portland, OR 97210
Hendricks, Jim Chevron Asphalt, 5501 NW Front
Portland, OR 97210
Henkel, Brian Asst. Loc. Engr., WSHD, 6431 Corscn
Ave. S,Seattle, WA 98108
Henry, Hugh B. Chief Design Div., FHWA, 222 SW
Morrison, Portland, OR 97204
Heston, Lyle R. Civil Engr., BLM, 710 NE Holladay,
Portland, OR 97232
Hewitt, Don Court Engr., WSHD, 1605 NW 75th St,
Vancouver, WA 98665
Holland, Martin Foreman, Kitsap County,
Box 151,Tracyton, WA 98393
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Homme, Omar L.Div. Engr., FHWA, 5102 Sorrento
Dr., Boise, Idaho 83704
Hossner, Glenn Dist. Engr., F}-[WA, 515 Juneau Dr.
SE, Salem, OR
Huddleston, MikeMgr., Asphalt Pavement Assn.,
P. 0. Box 2228, Salem, OR 97308
Hunter, Ed Asst. St. Hwy. Engr., OSHD, State
Hwy. Bldg., Salem, OR 97310
Inloes, Gareld Asst. Res. Br. Engr. ,OSHD, 2705
Alberta Ave. NE, Salem, OR 97301
Iwen, Thomas E. Hwy. Designer, OSHD, State Hwy.
Bldg., Salem, OR 97310
James, Tom Asst. Traffic Engr. ,City, 420 SW
Main, Portland, OR 97204
Jackmond, B. Maint. Oper. Engr., OSHD, State
Hwy. Bldg., Salem, OR 97310
Jackson, Joe City Engr., 4950 SW Hall,
Beaverton, OR 97005
Jasper, J, W. Constr. Engr., WSHD, Hwy. Admin.
Bldg., Olympia, WA 98504
Jencks, CrawfordFHWA, 731 Lockwood Lu, Salem, OR
97302
Jenkins, Bud Asst. Forest Engr.,13. S. Forest
Serv., Siskiyou Nat. Forest, P. 0.
Box 440, Grants Pass, OR 97526
Johnson, A. E. Asst. St. Hwy. Engr., OSHD, State
Hwy. Bldg., Salem, OR 97310
Johnson, B. D. Res. Engr., OSHD,
P. 0. Box 272, Woodburn, OR 97071
Johnson, H. C. fist. Engr., OSHD, 3700 Philomath
Hwy., Corvallis, OR 97330
Jones, Byron E. Sr. Field Engr., 12030 NW Vallev-ue
P1., Portland, OR 97229
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Jossis, Bob Civil Engr., City,
P.O. Box490, Albany, OR 97321
Kalinoski, 3. R. Civil Engr., AGC, 1608 NE Multnomah
Portland, OR 97232
Kammerman, G. C.Engr., CH2M-Hill, P. 0. Box 428
Corvallis, OR 97330
Keasey, Carroll Constr. Engr., OSHD, State Hwy.
Bldg., Salem, OR 97310
Keyes, Donald Designer, OSHD, State Hwy. Bldg.,
Salem, OR 97310
Kidby, Michael Engr., CH2M-Hill, 1600 Western
Blvd. SW, Corvallis, OR 97330
King, Sid Safety Dir., Auto Club of Oregon,
600 SW Market, Portland, OR 97201
Kraus, Howard Co. Engr., 360 Avery Avenue,
Corvallis, OR 97330
Kuenzi, Ted Asst. DPW, Marion Co. Courthouse,
Salem, OR 97301
Kuiper, Clair L. Asst. Dist. Engr., OSHD, P.O. Box
02157, Portland, OR 97202
Kurth, Winston Deputy Dir., Clackamas Co. Public
Wks., 902 Abernethy Rd., Oregon
City, OR 97045
Lacey, Floyd T. Dist. Engr., OSHD, P. 0. Box 30,
Salem, OR 97310
Lancaster, Tom Traffic Investigator, OSHD, State
Hwy. Bldg., Salem, OR 97310
Launceford, J. E. Proj. Engr., WSHD, 6431 Corson Ave.
S,Seattle, WA 98108
Leland, Elmer 3.Reg. Traf. Oper. Engr., FHWA, 222
SW Morrison, Portland, OR 97204
Lloyd, Irvin C. Reg. Lands. Arch., FHWA, 222 SW
Morrison, Portland, OR 97204
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Lopez, Raymond H.Maint. Supt., City
Brownsville, OR 97327
Lybecker, Louis Maint. Engr., FHWA, 222 SW
Morrison, Portland, OR 97204
Lucht, Richard Roadmaster, Yamhill Co. Courthouse,
P. 0. Box 116, McMinnville, OR 97218
MacDonald, R. D. Planner, MWV COG, Marion Co.
Courthouse, Salem, OR 97301
McClure, James Office Loc. Engr., OSHD, State Hwy.
Bldg., Salem, OR 97310
McCormick, J. C.Dist. Engr., OSHD, P. 0. Box 1128,
Roseburg, OR 97470
McIntyre, John C.DPW, Clackamas Co., 902 Abernethy
Rd., Oregon City, OR 97045
McNamee, JamesRes. Engr., OSHD, P. 0. Box 23324,
Tigard, OR 97233
Magee, James N. Sr. Data Analyst, OSHD, State Hwy.
Bldg., Salem, OR 97310
Marker, Vaughn Mng. Engr., Asphalt Institute, 810
University Ave.,Berkeley, CA 94710
Matthews, A. T. Automatic Signal, 11736 Aurora Ave. N
Seattle, WA 98133
Mayhew, W.C. Asst. Supt., J.C. Compton, P.O. Box
86, McMinnville, OR 97128
Miller, L. C. Reg. Engr., Portland Cement Assn.,
4023 Shadow Cir., Olympia, WA 98506
Moen, Irvin B. Supv. Kitsap County Roads, Rt. 1, Box
90, Port Orchard, WA 98366
Molitor, John B. Ex. Sec. AGC, 110 N 27th,
Boise, Idaho 83706
Mueller, Warren Res. Engr., OSHD, 2153 McDonald
Lane, McMinnville, OR 97128
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Nelson, Arvey Res. Br. Engr., OSHD, P. 0. Box
23324, Tigard, OR 97223
Neunaber, Tom Asst. Reg. Constr. Engr., FHWA,
222 SW Morrison, Portland, OR 97204
Nichols, Richard Area Engr., FHWA, 2426 62nd Ave.
SE, Portland, OR 97206
Nunn, Francis Maint. Foreman, WSHD, WA
O'Hearne, Jim Chief, Maint. Div., FHWA, 222 SW
Morrison, Portland, OR 97204
Oliva, Norman Res. Br. Engr., OSHD, P. 0. Box
1071, Pendleton, OR 97801
Oliver, Keats Res. Engr., OSHD, 3400 Spicer Rd.,
Albany, OR 97321
Olson, Roy F. Landscape Engr., OSHD, State Hwy.
Bldg, Salem, OR 97310
Ostlund, Ross G. Marion County Public Wks, Courthse.,
Salem, OR 97301
Oswald, Harry Dist. Engr., OSHD, P. 0. Box 459,
Pendleton, OR 97801
Palmer,Gene Umatilla County Rd. Dept.,
Star Rte.,Pendleton, OR 97801
Parrott,Bob Engr., Stevens Thompson and Runyan,
700 Plaza 600 Bldg., Seattle, WA 98101
Payne, Maurice Res. Engr., OSHD, P. 0. Box 487,
Oregon City, OR 97045
Payton,C. F. Res. Br. Engr., OSHD, P. 0. Box 269
Baker, OR 97814
Payton,0. M. Public Wks. Supt., Box 490,
Albany, OR 97321
Pepper,Carl Rd. Supt., Washir4on County,
Hillsboro, OR 97123
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Peterson, D. L. Metro Traf. Engr., OSHD, 3409 SW
Marigold, Portland, OR 97219
Pierce,Don DPW, City,
City Hall, Bandon, OR 97411
Piercy,R. D. Maint. Supt.,City,800 SE Court,
Roseburg, OR 97470
Pool, RichardC. Asst. Reg. Engr., OSHD,
P.O. Boxl249, Bend, OR 97701
Porter,James D.Safety Engr., Peninsula Dist. Safety,
1923 F 5th Ave.,Olympia, WA 98501
Porter,L. 3. Dist. Engr., USD1-BLM,
310 W 6th, Meclford, OR 97501
Potter,Donald H.Asst. Reg. Lands. Arch., FHWA, 222
SW Morrison, Portland, OR 97204
Pusich,Richard J.DPW, City,P. 0. Box 490
Albany, OR 97321
Ranger, David C.Proj. Engr., U. S. Forest Service,
Star Rte. 4,Randle, WA 98377
Rear, Alfred Br. Oper. Engr., OSHD, State Hwy.
Bldg.,Salem, OR 97310
Redford, Alex 3. Redford Engrs., 100 116th Ave. SE,
Bellevue, WA 98004
Richards, Glen A.Oregon Culvert, P. 0. Box 406,
Tualatin, OR 97062
Robertson, Glenn Rd. Supt., Marion County, 4472 45th
Ave., Salem, OR 97303
Robertson, W. W. Res. Engr., OSHD, P. 0. Box 1249,
Bend, OR 97701
Robison, John W. Civil Engr., Washington County,
Hillsboro, OR 97123
Rodriguez, EnriqueRes. Br. Engr., OSHD, 1505 Main,
Oregon City, OR 97045
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Rogers, Fred H. Jr.Area Design Engr., FHWA,
610 F 5th, Vancouver, WA 98661
Rogers, Richard St. Foreman, City,
Grants Pass, OR 97526
Rogan, Tim Forest Engr., U. S. Forest Service,
844 E 3rd, Prineville, OR 97754
Rohde, Donald Engr., Tenneson Engr. Corp., 409
Lincoln St.,The Dalles, OR 97058
Royer, Robert E. Planning Engr., OSHD, State Hwy.
Bldg.,Salem, OR 97310
Rulien, Larry Reg. Engr., OSHD, 14050 SE
Crestview, Milwaukie, OR 97222
Rustay, Scott Contract Surveillance Engr., FHWA,
610 E 5th St., Vancouver, WA 98661
Samuelson, Hal Asst. Gen. Maint. Supt., City,
1245 SW 3rd, Corvallis, OR 97330
Sandman, Robert Dist. Engr., OSHD, P. 0. Box 606,
Coquille, OR 97423
Sanford, George Hwy. Designer, OSHD,
Rte. 1, Box 161, Amity, OR 97101
Schacher, T. P. Engr. Mgr., Oregon Concrete Pipe
Mfgrs. Assn., P.O. Box162l7,
Portland, OR 97216
Schaefer, J. H. Gen. Mgr., Umpqua Rv. Nay. Co.,
2280 Oakmont Way, Eugene, OR 97401
Schlachter, R. W. Chief Br. Of Roads, BLM, 729 NE
Oregon St.,Portland, OR 97232
Schoolcraft, L. D.Proj. Mgr. (Trans.), CH2M-Hill,
1600 Western Blvd., Corvallis, OR
97330
Schroeder, R. L. Asst. St. Hwy. Engr., OSHD, State
Hwy. Bldg., Salem, OR 97310
Schuster, Robert Dist. Loc. Engr., WSHD, P. 0. Box
52, Yakima, WA 98901
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Schwab, Thomas Engrg. Analyst, OSHD, State Hwy.
Bldg., Salem, OR 97310
Schwartz, W. L. Reg. Engr., OSHD
LaGiande, OR 97850
Schwegler, R. Soil Engr., FHWA 222 SW Morrison,
Portland, OR 97204
Scott, Dennis M. Proj. Engr., Hill, lngman, Chase and
Co.,2909 3rd Ave., Seattle, WA 98121
Shaffer, Donald Specifications Supv., OSHD, State
Hwy. Bldg., Salem, OR 97310
Shirley, Alfred Reg. Constr. Engr. OSHD,
P. 0. Box 850, LaGrande, OR 97850
Shull, Bill Trans. Planner, MWVCOG, Rm. 19,
Courthouse, Salem, OR 97301
Shull, Vernon Res. Engr., OSHD, Milton-Freewater,
OR 98665
Simpson, R. E. Div. Engr., FHWA, 477 Cottage NE,
Salem, OR 97308
Slyter, Louis R. City Engr., P. 0. Box 128
Longview, WA 98632
Smith, David Forest Engr., 0. S. Dept. of Rirestry,
300 5th St., Baypark, Coos Bay, OR
97420
Smith, Glenn E. Area Rd. Engr., BUR Indian Affairs,
1425 NE Irving, Portland, OR 97232
Smith, M.A. Asst. Pay. Engr., WSHD, Hwy. Adnin.
Bldg., Olympia, WA 98504
Sowles, Douglas Halvorson-Mason, Box 1449
Portland, OR 97207
Spear, Tom Plan. Coordinator, Washington County
Courthouse, Hillsboro, OR 97123
Speight, Joe Plan. Programmer, OSHD, State
Hwy. Bldg., Salem, OR 97310
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Stearns, Phillip Asst. Dist. Engr., OSHD, 3700
Philomath Hwy., Corvallis, OR 97330
Steenson, David Marion Co. Hwy. Dept., 5155 Silverton
Rd., Salem, OR 97303
Stephenson, John Proj. Engr., WSHD, 2255 N Mercer
Way, Mercer Island, WA 98040
Stght, Bernard Traffic Engr., Clackamas Co., 902
Abernethy Rd., Oregon City, OR 97045
Sullivan, Jack Sr. Data Analyst, OSHD, State Hwy.
Bldg., Salem, OR 97310
Swan, Dorland E.Asst. Metro Engr., OSHD
Portland, OR
Tebeau, Bill Asst. Plan. Engr., OSHD, State
Hwy. Bldg., Salem, OR 97310
Thornton, GeorgeDist. Engr., OSHD, 2692 N Pacific
Hwy., Medford, OR 97501
Thurman, Roy Pay. Foreman, Umatilla Co. Rd. Dept.
Rte. 1, Box 223, Pendleton, OR 97801
Toy, Bud Gen. Maint. Supt.,City,
City Hall, Corvallis, OR 97330
Trygstad, Roger Traffic Studies Engr., OSHD, State
Hwy. Bldg., Salem, OR 97310
Ulett, G. W. DPW, P. 0. Box 1118, Coos Bay,
OR 97420
Unger, Dallace W.Hwy. Engr., FHWA, Box 300,
Salem, OR 97308
Vargas, Dave DPW, City, Yakima, WA 98901
Vawter, Dan W. Engrs. Office, Marion Co. Courthouse,
Salem, OR 97301
Veith, Fred L. Asst. Dist. Const. Engr., WSHD,
P.O. Boxl7l7, Vancouver, WA 98663
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Versteeg, J. H. Reg. Engr., OSHD, P. 0. Box 1128,
Roseburg, OR 97470
Wagner, John Hwy. Engr., U. S. Forest Service,
Box 3623, Portland, OR 97208
Walker, John H. Quality Cntrl. Engr., OSHD, 3693
Pioneer Dr. SE, Salem, OR 97302
Walton, Richard Assoc, Engr., City, Portland, OR
97204
Watson, Lyle K. Final Design Supv., OSHD, State
Hwy. Bldg., Salem, OR 97310
Weaver, David R.Traffic Investigator, OSHD, State
Hwy. Bldg., Salem, OR 97310
Weber, Loren Res. Engr., OSHD, P. 0. Box 804
Astoria, OR 97103
Whitfield, N. C. Engrg. Dept., Benton County, 360
Avery Ave., Corvallis, OR 97330
Wilken, Dale E. Reg. Systems and Programs Engr.,
FHWA, 222 SW Morrison, Portland,
OR 97204
Williams, Carl M.Maint. Serv. Engr., OSHD, State
Hwy. Bldg., Salem, OR 97310
Williams, Roger E.Oregon Culvert, Box 406
Tualatin, OR 97062
Wimer, Gerald Reg. Constr. Engr., State Hwy. Bldg.
Salem, OR 97310
Winter, Bruce Design Engr.,Douglas County Cthse.,
Roseburg, OR 97470
Woods, Alonzo L.Supv., City, 2835 N Kerby Ave.,
Portland, OR 97227
Wyatt, A. GordonMgr., Harstad Assoc. Inc., 2300
Oakmont Wy. #208, Eugene, OR 97401
Valach, E. J. Dist. Engr., FHWA, 477 Cottage NE
Salem, OR 97308
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Van Elsberg, C. DPW, HoodRiver County, P.O. Box
457, Hood River, OR 97031
Van Wormer, B. T.DPW, City Hall, Salem, OR 97301
Young, L. H. Program Engr., OSHD, 3896 Hulsey,
Salem, OR 9730Z
144PARTICIPANTS
ANDROS, DEE - Head Football Coach, Oregon State
University
BALDWIN, GEORGE - Administrator, Oregon State Highway
Division
BEECROFT, GORDON - Associate Professor of Civil
Engineering, Oregon State University
BERGSTROM, D. F.- Traffic Engineer, City ofPortland
BOTHMAN, R. N.- Maintenance Engineer, Oregon State
Highway Division
BURGESS, FRED - Dean, School of Engineering, Oregon
State University
BUTTKE, CARL - Chief Transportation Engineer, DeLeuw-
Cather and Company
CARTER, GLEN - Aquatic Biologist, Dept. of Environmental
Quality
COUPER, STU - Environmental Coordinator, Oregon State
Highway Division
DUBLE, AL - Accoustics Engineer, Oregon State Highway
Division
EDMUNDSON, ELDON - Environmental Specialist,
Environmental Protection Agency
EDWARDS, TOM - State Highway Engineer, Oregon State
Highway Division
GALLAGHER, JIM - Traffic Engineer, Washington Dept. of
Highways
GARY, DICK - Regional Manager, Peter Kiewit and Sons
HALEY, SAM - Director, Oregon Dept. of Transportation
145HOFSTETTER, DWAYNE - Traffic Investigations Engineer,
Oregon State Highway Division
HUDDLESTON, MIKE - Manager, Asphalt Paving Associa-
tion of Oregon
LELAND, ELMER - Traffic Operations Engineer, Federal
Highway Administration
JONES, BYRON - Sr. Field Engineer, Portland Cement
Assodation, Portland
MAC VICAR, ROBERT - President, Oregon State University
MARKER, VAUGHN - Division Managing Engineer, The
Asphalt Institute
MC CLURE, JAMES - Office Locating Engineer, Oregon
State Highway Division
MILLER, L. C.- Paving Engineer, Portland Cement
Association, Portland
MOORE, DENNIS - Administrator, Mass Transit Division,
Oregon Dept. of Transportation
NORDLANDER, ROBERT L.- Public Works Director,
Multnomah County, Oregon
O'HEARNE, JIM - Chief, Construction and Maintenance
Division, FHWA
OLSON, ROY - Landscape Engineer, Oregon State Highway
Division
SCHAEFER, JOHN - General Manager, Umpqua River
Navigation Company
SCHOOLCRAFT, LEONARD - Planning and Design Engineer,
CH2M-Hill
SCHROEDER, ROBERT L.- Assistant Highway Engineer,
Oregon State Highway Division
146SKIRVIN, FRED - Associate Engineer, Dept. of Environ-
mental Quality
SUND, GARY - Director of Public Affairs, Oregon State
Highway Division
TEBEAU, W. H.- Assistant Planning Engineer,Oregon
State Highway Division
TOY, BUD - General Maintenance Superintendant, Public
Works Department, Corvallis
WOLFE, VICTOR D.- Location Engineer, Oregon State
Highway Division
WOODRING, GARY - Director, Parks and Recreation
Department, Medford
STEERING COMMITTEE
OREGON STATE UNIVERSITY
GORDON BEECROFT - Associate Professor, Civil
Engineering Department
J. RICHARD BELL - Professor of Civil Engineering
FRED BURGESS - Dean, School of Engineering
G.W. HOLCOMB - Professor Emeritus, Civil Engi-
neering Department
OREGON STATE HIGHWAY DIVISION
TOM EDWARDS - State Highway Engineer
R. E. ROYER - Planning Engineer
R. L. SCHROEDER - Assistant State Highway Engirer
VICTOR D. WOLFE - Location Engineer
147L. H. YOUNG - Program Engineer
LEAGUE OF OREGON CITIES
DON ALLEN - Public Works Director, City of Eugene
A. M. WEST LING - Planning and Public Works
Consultant
ASSOCIATION OF OREGON COUNTIES
TED KUENZI - Assistant Public Works Director,
Marion County
ROBERT L. NORDLANDER - Public Works Director,
Multnomah County
KEN MENG - Public Works Director, Washington
County
P. JERRY ORRICK - Administrative Assistant
FEDERAL HIGHWAY ADMINISTRATION
JIM O'HEARNE - Chief, Construction and Maintenance
Division
R. E. SIMPSON - Oregon Division Engineer
ITE -- WESTERN SECTION
DON BERGSTROM - Traffic Engineer, City of Portland
OREGON STATE MOTOR ASSOCIATION
SID KING - Public Relations
L. R. KNEPPER - Secretary-Manager
ASSOCIATED GENERAL CONTRACTORS, OREGON CHAPT.
KEN TWEDT - Manager
148AMERICAN PUBLIC WORKS ASSOCIATION, OREGON
C HAP TER
TONY GROH - Public Works Director, City of
Corvallis
C OORDINA TORS
VICTOR D. WOLFE, Chairman
GORDON BEECROFT, Member
JIM OtHEARNE, Member
R.L. SCHROEDER, Member
R.E. ROYER, Secretary
REGISTRATIONS
MARK BOVEE - Transportation Studies Engineer, Oregon
Highway Division
NADINE CATER - Secretary, Oregon State Highway Divisi
MARY CHAMBERLAIN - Secretary, Oregon State Highway
Division
NANCY MILLICH - Secretary, Federal Highway Administra-
ti on
LOCAL ARRANGEMENTS
GORDON BEECROFT, Oregon State University
3. RICHARD BELL, Oregon State University
STUDENT CHAPTER, American Society of Civil Engineers,
Oregon State University
149PUBLICITY
SAMUEL H. BAILEY - News Bureau, Oregon State
University
GARY SUND - Public Affairs Director, Oregon State
Highway Division
TECHNICAL PROGRAM
The Steering Committee
PROCEEDINGS AND PROGRAM PREPARATIONS
NADINE CATER - Secretary, Oregon State Highway
Division
HARRY ESCH - Chief Draftsman, Oregon State Highway
Division
ANN PARIS - Secretary, Oregon State Highway Division
150OREGON STATE UNIVERSITY
ENGINEERING EXPERIMENT STATION
CORVALLIS, OREGON
LIST OF PUBLICATIONS
Bulletins-
No.1.Preliminary Report on the Control of Stream Pollution in Oregon, by C. V. Langton
and H. S. Rogers.1929.15.
No.2.A Sanitary Survey of the Willamette Valley, by H. S. Rogers, C. A. Mockmore,
and C. D. Adams.1930.40g.
No.3.The Properties of Cement-Sawdust Mortars, Plain and with Various Adrnixtures,
by S. H. Graf and R. H. Johnson.1930.40.
No.4.Interpretation of Exhaust Gas Analyses, by S. H. Graf, G. \V. Gleeson, and \V. H.
Paul.1934.25ç.
No.5.Boiler-Water Troubles and Treatments withSpecial Reference to Problemsin
Western Oregon, by R. E. Summers.1935.None available.
No.6.A Sanitary Survey of the Willamette River from Sellwood Bridge to the Columbia.
by G. \V. Gleeson.1936.25g.
No.7.Industrial and Domestic Wastes of the Willamette Valley, by G. \V. Gleeson and
F. Merryfleld.1936.50.
No.8.An Investigation of Some Oregon Sands with a Statistical Study of the Predictive
Values of Tests, by C. E. Thomas and S. H. Graf.1937.50g.
No.9.Preservative Treatments of Fence Posts. 1938 Progress Report on the Post Farm,
by T. J.Starker.1938.25.Yearly progress reports, 9-A, 9-B, 9.C, 9.D,
9-E, 9-F, 9.G.15.
No. 10.Precipitation.Static Radio Interference Phenomena Originating on Aircraft, by
E. C. Starr.1939.75.
No. 11.Electric Fence Controllers with Special Reference to Equipment Developed for
Measuring Their Characteristics, by F. A. Everest.1939.40.
No. 12.Mathematics of Alignment Chart Construction Without the Use of Determinants,
by J. R. Griffith.1940.25ç.
No. 13.Oil-Tar Creosote for Wood Preservation, by Glenn Voorhies.1940.25.
No. 14.Optimum Power and Economy Air-Fuel Ratios for Liquefied Petroleum Gases, by
W. H. Paul and M. Popovich.1941.25g.
No. 15.Rating and Care of Domestic Sawdust Burners, by E. C. \Villey.1941.25.
No. 16.The Improvement of Reversible Dry Kiln Fans, by A. D. Hughes.1941.25g.
No. 17.An Inventory of Sawmill Waste in Oregon, by Glenn Voorhies.1942.25g.
No. 18.The Use of the Fourier Series in the Solution of Beam Problems, by B. F. Ruffner.
1944.50g.
No. 19.1945 Progress Report on Pollution of Oregon Streams, by Fred Merryfield and
\V. G. Wilmot.1945.40c.
No. 20.The Fishes of the %Villamette River System in Relation toPollution, by It.E.
Dimick and Fred Merryfield.1945.40c.
No. 21.The Use of the Fourier Series in the Solution of Beam.Column Problems, by
B. F. Ruffner. 1945. 25g.
No. 22.Industrial and City Wastes, by Fred Merryfield, \V. B. Bollen, and F. C. Kachel.
hoffer.1947.40.
No. 23.Ten-Year Mortar Strength Tests of Some Oregon Sands, by C. E. Thomas and
S. H. Graf.1948.2S.
No. 24.Space Heating by Electric Radiant Panels and by Reverse-Cycle, by Louis Siegel.
1948.50g.
No. 25.The Banki 'vVater Turbine, by C. A. Mockmore and Fred Merryfield. Feb 1949.
40.
No. 26.Ignition Temperatures of Various Papers, Woods, and Fabrics, by S. H. Graf.
Mar 1949.60g.
No. 27.Cylinder Head Temperatures in Four Airplanes with Continental A-65 Engines, by
S. H. Lowy.July1949.
No. 28.Dielectric Properties of Douglas Fir at High Frequencies, by J. J. \Vittkopf and
M. D. Macdonald.July 1949.40.
No. 29.Dielectric Properties of Ponderosa Pine at High Frequencies, by J. J. \Vittkopf and
M. D. Macdonald.September 1949.4Oç.
No. 30.Expanded Shale Aggregate in Structural Concrete, by D. D. Ritchie and S. H.
Graf.Aug 1951.60&
No. 31.Improvements in the Field Distillation of Peppermint Oil, by A. D. Hughes.
Aug 1952.60.
No. 32.A Gage for the Measurement of Transient Hydraulic Pressures, by K. F. Rice.
Oct 1952.40tL
No. 33.The Effect of Fuel Sulfur and Jacket Temperature on Piston Ring %Vear as
Determined by Radioactive Tracer, by M. Popovich and K.\V.Peterson.
July 1953.40g.No. 34.Pozzolanic Properties of Several Oregon Pumicites, by C. 0. Heath, Jr. and N. R.
Brandenburg.1953.50*.
No. 33.Model Studies of Inlet Designs for Pipe Culverts on Steep Grades, by Malcolm
H. Karr and Leslie A. Clayton.June 1954.40*.
No. 36.A Study of Ductile Iron and Its Response to \Velding, by W. R. Rice and 0. G.
Paasche. Mar 1955.60g.
No. 37.Evaluationof Typical Oregon Base.Course Materials by TriaxialTesting, by M. A. Ring, Jr. July t956. 50*.
No. 38.Bacterial Fermentation of Spent SulfltLiquor for the Production of Protein
Concentrate Animal Feed Supplement, by Herman R. Atnberg. Oct. 1956.50*.
No. 39.Wood Waste Disposal and Utilization, by R. W. Boubel, M. Northcraft, A. Van
Vliet, M. Popovich. Aug. 1958. $1.00
No. 40.Tables of Similar Solutions to the Equations of Momentum Heat and Mass Transfer
in Laminar Boundary Layer Flow, by E. Elzy andk.M. Sisson. Feb. 1967.
$2.25.
No. 41.Engineering Calculations of Momentum, Heat and Mass Transfer Through Laminar
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Forest Research Laboratory (1941)
Sea-Grant Institutional Program (1968)
RESEARCH CENTERS
Air Resources Center (1968)
Computer Center (1965)
Environmental Health Sciences Center (1967)
Marine Science Center at Newport (1965)
Radiation Center (1964)
RESEARCH INSTITUTES
Genetics Institute (1963)
Nuclear Science and Engineering Institute (1966)
Nutrition Research Institute (1964)
Science Research Institute (1952)
Transportation Research Institute (1960)
Water Resources Research Institute (1 960)
EXTENSION
Federal Cooperative Extension (Agriculture and Home Economics)
Division of Continuing Education, State System of Higher Education